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SUMMARY. 
It is pointed out in this paper that many quantitative charac-
ters of plants blend in F 1 of crosses and exhibit a wide range of 
variation in F2, from which types like the parents- or perhaps 
even more extreme- and various intermediate forms can be 
isolated in Height of some plants is known to behave in 
this way. It is noted also that some quantitative characters, 
particularly height of several distinctly different plants, exhibit 
dominance instead of an intermediate condition in followed 
by a 3 :1 segregation in F2 and simple Mendelian behavior in 
later generations. When pole and bush beans are crossed, 3 :1 
segregation results whether the pole bean is very tall or only 
medium in height and whether the bush bean is very short or 
relatively tall. To determine the interrelation of these two 
types of behavior by an analysis of the factors concerned in 
height of plants in beans and by a study of their mode of in-
heritance was the object of the investigations reported here. 
Mendel reported simple 3 :1 segregation in of crosses of 
tall and dwarf beans, both when the races concerned belonged 
to one species, Phaseolus vulgaris, and when one of them belonged 
to another species, P. multifforus. The results of von Tschermak, 
with crosses between dwarf races of the former species and a 
tall race of the latter one, were by no means so simple as those 
reported by Mendel and were thought to be due in part at least 
to the action of more than one genetic factor. Results previously 
reported by the writer demonstrated simple Mendelian behavior in 
crosses between "pole" and "bush" habits of growth in Phaseo-
lus vulgaris . 
The methods employed by the writer in making crosses, 
growing the plants, protecting them from cross-pollination by 
insects, making records, etc., as described in detail in the body 
of this paper, are believed to have been sufficiently careful to 
make the results reliable as a whole. 
Pole and bush beans are shown to differ in a single character, 
habit of growth. Bush beans are determinate in growth habit. 
The main axis is terminated by an inflorescence when from 
about four to eight internodes have developed and cannot be 
forced to make any further growth tho provided with the most 
favorable conditions of moisture and temperature, and even tho 
the flowers be removed to pr,event the drain of seed production. 
Pole beans are indeterminate in growth habit. The first flower 
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clusters appear at about the fifth to the eighth node and the others 
progressively higher as new internodes are added. Growth of the 
axis is terminated only by accident, unfavorable surroundings, 
the drain of seed production, and the like. If favorable conditions 
for growth are provided and if heavy seed production is prevented, 
pole beans can be kept growing for a long time if not indefinitely. 
Plants of both classes grow slowly at first and then increasingly 
more rapidly. In bush beans growth is terminated early in this 
period of acceleration in growth rate. In pole beans acceleration 
in growth rate continues for a considerable time, but retardation 
in growth rate occurs eventually because of the drain of seed 
production, increasingly unfavorable weather conditions late 
in the season, and the like. 
The twining habit common in pole beans is also exhibited by 
the taller bush beans when they are forced into very vigorous 
growth. Its failure to develop in bush beans as a whole is due 
to the fact that growth of the axis is terminated too soon. 
While bush beans are commonly more branched than pole 
beans, there are great.differences within both classes with respect 
to this, so that branching habit cannot be used to characterize 
the classes. 
Pole and bush beans also differ in height in consequence of 
the difference in habit of growth. Obviously, height of plants 
depends upon number of internodes and internode length. Bush 
beans have a short axis in part because of a small number of 
internodes and in part also because of a relatively small mean 
internode length, the latter being due to termination of the plant 
axis early in the period of growth-rate acceleration. Pole and 
bush beans, then, are characterized by differences in height, 
only in so far as height is dependent upon determinate and in-
determinate habits of growth. Races of bush beans differ mater-
ially in height and the same is true of pole beans. 
Since the axis of a bush bean is terminated early in period 
of growth-rate acceleration, its actual internode length s con-
siderably less than its potential internode length. The latter 
can be determined only by crossing the bush bean with a pole 
bean and by comparing the internode length of the plants of 
indeterminate growth habit thus produced with that of the pole-
bean parent or by comparing both with some other pole bean 
used as a standard. 
The pole-bean segregates of such crosses are better for this 
purpose than the F1 plants, because increased vigor due to heter-
ozygosis is much less in F 2 than in F 1• By comparing the potential 
internode lengths of bush beans, as determined by this method, 
with the actual internode lengths of these bush beans, it is found 
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that potential internode length can be determined roughly from 
actual internode length of the first five internodes of bush beans. 
It is also found possible to determine with fair accuracy the inter-
node length of pole beans by measuring the first 15 internodes, 
which usually include the greater part of those formed during 
the period of growth-rate acceleration. 
It is shown that indeterminate habit of growth in beans is 
fully dominant to determinate habit, that sharp segregation 
occurs in resulting in a ratio of three plants of indeterminate 
habit to one of determinate habit, and that determinate habit 
is constant in while some indeterminate plants breed true 
in and others segregate again into pole and bush plants. 
The difference between indeterminate and determinate habits of 
growth is, therefore, due to a single genetic factor. 
While number of internodes is directly, and internode length 
indirectly, related to habit of growth, these characters are in a 
way distinct from it. There exist distinct types of bush beans 
with respect to both number of internodes and internode length. 
The same is true of pole beans. 
Crossing bush beans of different internode lengths is shown 
to result in an intermediate condition in F 1 and a wider range of 
variation in F2 with respect to internode length. The same re-
sults are secured from crosses between pole beans of different 
internode lengths. 
A cross between a short pole bean and a tall bush bean is 
shown to produce tall pole beans in F1• consists, on the average, 
of three pole beans to one bush bean, but some of the pole-bean 
segregates have fewer and shorter internodes than the pole-
bean parent and some of the bush-bean segregates have more 
and longer internodes than the bush-bean parent. 
The same results are shown to follow when a tall pole bean 
is crossed with a short bush bean. From the bush segregates 
of such a cross there has been established a bush-bean race that 
has more and much longer internodes than the bush-bean parent 
race. 
The dominance of indeterminate over determinate habit 
of growth in a cross between pole and bush beans and the simple 
3-1 segregation in F 2 are interpreted just as other simple Men-
delian results are, namely, on the basis of a single dominant, 
genetic factor for the difference between the parents in habit of 
growth. The intermediate height in F 1 and the wide range of 
variation in F 2, from a cross between two bush beans or between 
two pole beans of different heights, are interpreted in accordance 
with the multiple-factor hypothesis, which postulates that heredi-
tary, quantitative differences are due to two or more non-
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dominant, independently inherited factors. The segregation 
into three plants with indeterminate habit to one with determinate 
habit accompanied by an increased range of variation in height 
of both classes of segregates, when a short pole bean is crossed 
with a tall bush bean or a tall pole bean with a short bush bean, 
are, therefore, interpreted by a combination of the single-factor 
and the multiple-factor hypotheses, or by what may be termed a 
modified multiple-factor hypothesis, the modification consisting 
merely in the assumption of inequality in dominance and in-
equality in potency between the factors. One dominant factor is 
assumed to determine habit of growth and therefore to have a 
much greater potency in the determination of plant height than 
the two or more other, nondominant factors. 
It is argued that this modified multiple-factor hypothesis 
affords a more simple and direct interpretation of the results 
in bean crosses than does the hypothesis of a single unit-difference 
between all pole and bush beans, which necessitates the further 
assumption that the unit-factor is modified commonly, tho 
irregularly, in crosses between .pole and bush beans. 
A GENETIC STUDY OF PLANT HEIGHT IN 
PHASEOLUS VULGARIS. 1 
By R. A. EMERSON.2 
INTRODUCTION. 
It is now coming to be expected generally that crosses between 
plant races that differ in quantitative characters will be inter-
mediate between their parents in with respect to such charac-
ters, that they will exhibit a wide range of variation in and 
that from these F2 segregates the parent types and various in-
termediate forms can be isolated in or later generations. Over 
three years ago Emerson and East (1913) presented evidence that 
no less than 11 quantitative characters in Z ea mays are inherited 
in this manner. In the same paper there were reviewed similar 
results of seven investigations having to do with some twenty 
quantitative characters in several distinct groups of plants. 
Some crosses between plants that differ much in size have 
seemed not to follow the behavior outlined above. Notable 
examples of this sort are crosses between tall and dwarf peas 
(Mendel 1865, Lock 1905, Keeble and Pellew 1910), between 
tall and dwarf tomatoes (Hedrick and Booth 1907, Price and 
Drinkard 1908, and Gilbert 1912), between tall and dwarf sweet 
peas (Bateson and Punnett 1908), between tall and dwarf beans 
(Mendel 1865 and Emerson 1904), and between tall and dwarf 
maize (East and Hayes 1911 and Emerson 1911). In all these 
cases perfect dominance of tallness over dwarfness in and simple 
3-1 segregation in F 2 have been reported.3 
The distinctness of these two classes of behavior with respect 
to what have seemed to be solely quantitative differences gives 
them a special importance. Interest in them is heightened by the 
fact that different quantitative characters of even the same plants 
are found to belong to the two distinct classes of behavior. 
Thus, size of seeds in beans belongs to the first class of behavior 
1This paper was written in approximately its present form early in 1913. 
The original manuscript has been modified slightly by the addition of data 
and by references (mostly in footnotes) to recent papers bearing upon the 
matter under discussion. 
Resigned September, 1914, to become head of the Department of Plant 
Breeding, Cornell University, Ithaca, New York. 
3 Other characters beside tallness and dwarfness are concerned in some 
of these cases namely, erect and prostrate habit in sweet peas (Bateson and 
Punnett 1908) and stout and slender stems in peas (Keeble and Pellew 1910). 
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(Emerson 1910), while height of plants has been put in the 
second class. In certain crosses between tall and dwarf maize 
one type of behavior results, and in other crosses the other type 
is exhibited. 
Intermediate development in F 1 and a wide range of variation 
in F 2, characteristic of one of these classes, is now interpreted 
rather generally, tho by no means universally, 1 by the multiple-
factor hypothesis, which postulates that, external influences 
aside, quantitative differences depend upon two or more independ-
ently inherited, nondominant,2 genetic factors- a strictly Men-
delian interpretation. Quantitative differences that show domi-
nance in F1, followed by a 3-1 segregation in must depend upon 
a single dominant, genetic factor or upon factors that are coupled 
in inheritance. That some quantitative differences are due to a 
single factor while others are due to many factors need not, it 
might seem at first, occasion any wonder. In maize, for instance, 
seeds may differ much or little in breadth. When the parents 
of a cross differ much, many more individuals must be grown in 
F 2 than when they differ little, if the parent sizes are to be re-
covered. In other words large differences in breadth of seeds 
appear to be due to more factors than do small differences. Is 
it not to be expected, then, that some differences may be due to 
a single factor? 
The fact of prime importance in this connection is that both 
large and small quantitative differences in the same plant parts 
seem to depend upon a single factor. Thus, in crosses between 
pole beans and bush beans, the F 1 plants are always pole beans 
and the plants consist of approximately three pole beans to 
one bush bean. This is equally true whether the pole bean parent 
normally grows to a height of say 12 feet or only to a height of 
6 feet and whether the bush bean is 2 feet or only 9 inches high. 
What happens when a tall bean is crossed with a very tall one? 
. What results are to be expected from a cross between a short 
bean plant and a very short one? How does a cross between a 
tall bean and a short one differ from a cross between a very tall 
bean and a very short one? To answer these and similar questions 
was the purpose of the investigations reported here. 
1 For an interpretation based upon the assumption that genetic factors 
are commonly modified in crosses see Castle 1912 and 1914a. 
2 Both Shull (1914) and Muller (1914) have shown that lack of dominance 
is not essential to the multiple-factor hypothesis (referred to by Shull as the 
hypothesis of plural genes). Shull's argument is based upon the assumption 
of the possible interaction of dominant factors of opposite effect, as an in-
hibitor and a stimulator. Muller's contention is practically the same but is 
stated in terms of plus and minus dominant factors . A third form of statement 
for the same results is that part of the positive factors may be fully dominant 
and part wholly recessive. 
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This account deals with beans alone. Similar investigations 
are under way with maize in which are concerned both large and 
small "dwarfs" as well as "tall" plants of various heights. 
These studies have not been completed, but it seems unlikely 
that the results can be interpreted in quite the same way as are 
the results with beans. 
PREVIOUS INVESTIGATIONS. 
Mendel (1865) reported the results of a cross between a tall 
form of the common bean, Phaseolus vulgaris, 10-12 feet high, 
and a dwarf form of the same species (known then as P. nanus). 
He found tallness dominant to dwarfness in and approximately 
three tall plants to one dwarf plant in F2. All F2 dwarfs remained 
constant in as did some of the talls, while the rest of the 
talls segregated again in Mendel also crossed a dwarf form 
of the common bean with a tall, twining form of the runner bean, 
P. multifiorus. Owing to partial sterility, comparatively few 
individuals of this cross were grown. The results, however, were 
in very close agreement with those obtained from the cross 
between tall and dwarf forms of the common bean. In short, 
Mendel's results with beans were of the same sort as those of his 
more extensive and be.tter known experiments with peas. 
Von Tschermak (1904) also crossed a dwarf race of P. vulgaris 
with a tall race of P. multifiorus. Here again tallness was domi-
nant, tho somewhat weakened, in F 1, but the results in F2 were 
very different from those reported by Mendel. Of 144 F2 plants 
only 26 were classified as tall and 118 were short, or a ratio of 
1 :4.5 where a 3 :1 ratio was to have been expected. Of the short 
plants about one-third were constant in and two-thirds 
segregated again, a preponderant majority of their progeny 
being short and only a few of them tall, with occasional prostrate, 
very dwarf, giant, and intermediate plants. The tall segre-
gated in into a majority of tall, twining plants and a minority 
of short plants. Irregular progenies were also produced by 
the very tall, the very dwarf, and the intermediate plants. 
In a later paper, von Tschermak (1912) presented additional 
data from another cross between a short common bean and a 
tall runner bean. F1 plants were intermediate but nearer the 
tall parent than the short one. Of the F/s, 35 were classed as 
short, 2 as intermediate, and 18 as tall. from F2 short plants 
were, with the exception of one tall plant, all short. About 
four-fifths of these short were constant in F 4, but one-fifth of 
them produced both short and tall plants, 58 of the former to 
4 of the latter. The tall plants produced in 45 short, 23 
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intermediate, and 10 tall plants; and these intermediate and tall 
plants produced progenies that segregated into short, 
intermediate, and tall, the numbers from intermediate F/s 
being 7:4:10 and from tall F/s 100:42:16. Von Tschermak 
concluded that this behavior necessitated the assumption of 
several factors for the difference in height of the parents and 
suggested that the results might be further complicated by numer-
ical inequality in the formation of gametes and zygotes. 
Emerson (1904) gave an account of crosses between various 
"pole" and "bush" races of Phaseolus vulgaris. Of the 109 
plants reported, all were pole beans. In 324 pole beans and 
118 bush beans were recorded. So far as tested, all bush beans 
bred true in and later generations, some having been tested 
to Of the pole beans, some bred true and others produced 
both pole and bush beans, 270 pole to 75 bush. It was pointed 
out in connection with this account that pole beans commonly 
differ from bush beans in at least three respects. They are 
generally taller, tho some very small pole beans, it was noted, 
are not much taller than some of the larger bush beans. As a 
rule, pole beans twine readily about supports, while bush beans 
do not, but it was noted that bush beans show the same tendency 
when growing with unusual vigor. The one characteristic 
difference was said to be that pole beans continue growth some-
what indefinitely, while bush beans are virtually determinate in 
growth. 
MATERIALS AND METHODS. 
The studies reported in this paper have been limited to 
races of the common bean, Phaseolus vulgaris. A few crosses 
have been made between dwarf races of the common bean and 
tall races of P. multijlorus, but, both because the climate of 
Nebraska is unsuited to the growth of the latter species and 
because crosses between the two species are more or less sterile, 
it has been impossible to grow more than the generation of 
such crosses. 
Several years ago a large number of races of beans were ob-
tained from reliable seedsmen. Some of the early crosses were 
made with plants grown from this commercial seed, but practically 
all of the later work, including most of that reported here, has 
been done with plants that have been grown in pedigree cultures 
and guarded against cross-pollination by insects for from one to 
four generations previous to the time the crosses were made. 
In all cases, whether the plants used in crossing were grown 
directly from commercial seed or from seed of pedigreed cultures, 
selfed seed from the parent individuals has been planted along 
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with the crossed seed, so that, if the parents happened not to be 
homozygous in their more prominent characters, that fact could 
be determined from their progenies. 
All plants, seeds of which have been planted, have been 
grown in an enclosure covered with fine meshed wire netting or 
under individual covers of very thin bunting, mosquito bar, or 
wire netting (Figs. 1-3), except plants grown in the greenhouse 
in midwinter when no bees are present. Individual plant covers 
are not satisfactory where height of plant is to be studied, since 
they can scarcely be made large enough not to interfere with 
Fig. 1.- Enclosure of fine meshed wire netting used to prevent insect pollination. 
normal growth. Moreover, individual wire covers are difficult 
to manage, mosquito bar is too easily torn, and cloth of even 
the very lightest grades increases the temperature under it to 
an injurious degree in this climate. The large wire-netting 
enclosure is therefore now used exclusively. While many insects, 
including species of very small bees, gain entrance to the en-
closure readily, they apparently do not effect cross-pollination. 
Even when grown in the open garden, beans are not cross-pollin-
ated so largely as might be expected from the number of large 
bees found visiting the flowers. There is, however, sufficient 
crossing to make results unreliable when the plants from which 
seed is saved for planting are grown in the open. I have observed 
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from 0-10 per cent of undoubted crosses in the progenies or 
pure races grown in the garden. 
Crosses have invariably been made in the greenhouse during 
winter. The rather hot, dry weather of Nebraska makes it 
almost impossible to cross bean plants in the garden. The stamens 
are removed shortly before the flower bud is ready to open and 
pollen from another plant is applied at once. Occasionally an 
anther may be crushed in the process of emasculation and a 
grain of pollen thus comes into contact with the stigma of the 
same flower. Altho the stigma is always examined with the aid 
Fig. 2.- Individual plant-covers of cheesecloth used to guard bush beans 
against insect pollination. 
of a lens after the removal of the anthers, partial self-fertilization 
occasionally results . It almost never happens that the parent 
races are so nearly alike that such accidental fertilizations cannot 
be detected when the F 1 plants are grown. Among progenies, 
several plants apparently exactly like the maternal parent race 
have been tested thru two or three generations and in all cases 
have proved to be pure races. The records of all such plants 
occurring accidentally in F 1 progenies have been discarded in 
preparing the data for this paper. 
When planted, the seed of a single individual plant or of the 
cross of two individuals is given a family number, which is 
entered on the record card and used on the stake label to mark 
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the family in the garden. The several plants of a family are also 
given individual numbers based upon their position in the row 
and when necessary are marked by means of individual stakes. 
The record card of a family bears, in addition to the family 
number, the family and individual numbers of the selfed parent 
plant or of the two parent plants crossed. Seeds of each indi-
vidual plant are kept in a separate receptacle bearing the family 
and individual numbers. Records are entered on the family 
cards under individual numbers only. All planting and harvesting 
Fig. 3.- Individual plant-covers of mosquito bar and cheesecloth used to 
protect pole beans from insect pollination. 
of seeds concerned in this study have been done by the writer 
or by assistants under his supervision. 
The records of habit of growth reported here have all been 
made by the writer, who has also made all counts of numbers of 
internodes and all measurements of internode lengths and plant 
heights. The internode counts and measurements were recorded 
in considerable part by Mr. E. R. Ewing, computer in genetic 
investigations. The writer is also indebted to Mr. Ewing for 
the calculation of most of the statistical constants used in this 
paper. Further assistance in checking these calculations has 
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been rendered by Mr. E. W. Lindstrom, graduate assistant in 
genetics at Cornell University. 
GROWTH HABIT IN BEANS. 
As was pointed out in an earlier paper (Emerson 1904), 
common beans are of two distinct types with respect to habit 
of growth. They are either determinate or indeterminate. The 
former are commonly called bush beans from the fact that they 
are as a rule comparatively short, erect, and much branched, 
Fig. 4.- Upper part of an old bean plant of indeterminate growth, showing 
flower buds at the upper nodes and mature pods at lower nodes. 
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while the latter are termed pole beans from the supports com-
monly provided for them. 
In pole beans, the first flower clusters appear in the axils of 
the leaves at some of the lower nodes, usually the fourth to the 
seventh. As the plants increase in height and new nodes are 
added, flowers continue to appear in regular order from the lower 
to the higher nodes. (See Fig. 5.) It is not uncommon to find 
fully ripe pods at the lower nodes and newly opened flowers or 
flower buds at the upper nodes of the same plant. (See Fig. 4. ) 
Fig. 5.- A young bean plant of indeterminate growth- pole bean- with 
newly formed pods at node 5, flowers at nodes 6 and 7, and flower buds 
at nodes 8-12. 
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Under ordinary conditions in the garden, it is true, pole beans 
do not continue to grow indefinitely, but termination of growth 
is apparently always due to unfavorable conditions of soil or 
weather such as low temperature, extreme dryness, etc., or to the 
exhaustion of the plants by heavy seed production. That this is 
true is shown by the fact that a race of small pole beans, which 
commonly ceases growth in the garden at a height of 1.0-1.5 
meters with 15-20 nodes and perhaps dies long before the 
approach of cold weather, has been made to reach a height of 
4 meters with 30 nodes when grown under the more favorable 
conditions of the greenhouse and when allowed to develop few 
Fig. young bean plant of determinate growth- bush bean- with a 
flower cluster terminating the axis at the sixth node. 
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pods. (See growth curves, Fig. 12.) Apparently growth would 
have continued longer in the greenhouse had not the experiment 
been discontinued. Under very favorable conditions, then, pole 
beans not only produce longer internodes but also more of them 
than under unfavorable conditions. The same indeterminate 
habit of growth is exhibited by all the branches of pole beans. 
In bush beans, on the contrary, usually only from 4 to 8 nodes 
develop in the main axis. Rich, moist soil and favorable weather 
increase the internode length just as in pole beans but apparently 
have little influence on the number of nodes. The main axis 
always terminates in an inflorescence. The flowers of this terminal 
inflorescence open first and the flowers at lower nodes only slightly 
later. (See Fig. 6.) Most of the pods mature at about the same 
time under ordinary conditions. If there has been a heavy 
setting of pods, and if conditions are unfavorable, the plants 
usually die when the pods mature. If the flowers are removed as 
soon as they form and if the soil and weather conditions are 
favorable, the plants remain alive for a considerable time, but 
the main axis cannot be forced to elongate further. The new 
growth resulting from this treatment always consists of secondary 
branches, usually from the lower nodes, and these branches, 
like the primary axis, terminate in flower clusters and cannot 
then be forced into further growth. Tertiary branches have the 
same fate. 
The terminal inflorescence of a bush bean is indeterminate in 
the sense that the lower flowers of the inflorescence open first 
and the upper ones last, but not in the sense that the inflorescence 
continues to elongate indefinitely. (See Fig. 7B.) The axis of the 
terminal inflorescence of bush beans develops apparently as a con-
tinuation of the main axis of the plant. In Figure 7 A there are 
shown parts of the upper leaf and petiole of a bush bean together 
with the terminal inflorescence. In the axil of this leaf there develop-
ed a cluster of flowers, similar to the flower clusters that develop in 
the leaf axils of pole beans, as seen in Figure 7C. A little higher 
on the axis of this terminal inflorescence (Fig. 7 A), is a second 
flower cluster, but here a small bract takes the place of a leaf
The same is true of the third flower cluster. The fourth cluster 
terminates the axis of the inflorescence abruptly. The inflores-
cence seen in Figure 7B developed a fifth flower cluster by which 
the axis was terminated. (The first flower cluster of this in-
florescence, in the axil of the upper leaf, is not shown in the 
figure.) In certain races of bush beans, the terminal inflorescence 
consists of only two or three flower clusters, rarely of a single 
cluster in the axil of the upper leaf. 
The bush form of Lima bean (Phaseolus lunatus) is known to 
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have arisen as a mutation from pole Limas (Bailey 1895) and, 
since bush Limas bear the same relation to pole Limas as bush 
forms of the common bean do to the common pole beans, it seems 
probable that the common ·bush bean is a mutatiun from the
pole bean. If this is true, the terminal inflorescence of bush 
beans may be regarded as a direct modification of the main axis 
of pole beans in which the leaves are reduced to mere bracts and 
in which the axis does not elongate indefinitely. The order of 
development of the flowers in the terminal inflorescence of bush 
beans remains exactly like the order of development of the 
flower clusters along the main axis of pole beans. 
In this connection, attention should be called to the fact that, 
while the axillary flower clusters of some pole beans usually 
consist of but two or three flowers, like the individual flower 
clusters of the terminal inflorescence of bush beans, many var-
ieties of pole beans have an axillary inflorescence identical with 
the terminal inflorescence of bush beans rather than with the 
individual flower clusters of that inflorescence. Such a condition 
is shown in Figure 7D, where a small part of the main axis of the 
plant is seen at the right and parts of a leaf and petiole at the 
left. It is conceivable that bush beans arose from pole beans 
thru the failure of the main axis to develop beyond a certain node. 
In this case an axillary inflorescence of the pole bean would become 
the terminal inflorescence of the bush bean. On this supposition, 
however, one could hardly explain the presence of the flower 
cluster almost, if not quite, universally seen in the axil of the 
upper leaf of bush beans, as illustrated in Figure 7 A. 
Usually the uppermost leaf of bush beans, which is here 
regarded as marking the end of the plant axis proper and the 
beginning of the terminal inflorescence, is at least as large as 
any of the other leaves of the same plants. The plant axis 
maintains its thickness to the upper leaf and there changes 
abruptly to the more slender axis of the terminal inflorescence. 
Sometimes, however, tho this is a rare occurrence, the upper 
leaf is very small and may even consist of only a single leaflet. 
The internode just below such an ill-formed upper leaf is shorter 
and more slender than in ordinary plants, so that the transition 
from plant axis to terminal inflorescence is somewhat gradual. 
Very rarely the axis of a distinctly pole-bean plant terminates 
abruptly in an inflorescence like that of a bush bean. The first 
plant of this sort to attract my attention was one of the small 
pole-bean race known as Snowflake. The plant was grown in a 
small pot of rather poor soil. When two months old, it had 
reached a height of 53 centimeters, formed 17 internodes, pro-
duced a fair crop of pods, and practically ceased growing. It was 
Fig. 7 .- (A) Terminal inflorescence of a bush bean. (B) Same at a later stage. (C) 
U pper part of a pole bean stem wit h axillary flower clusters. (D ) Axillary inflorescence 
of a pole bean. 
N) 
0 
~ 
"" o-' 
-a: 
.:. 
CJ:, 
?:-' 
.:. 
;:i:.. 
'C> 
-a: 
""· ~ 
lf 
-a: 
~ 
t_>:j 
H 
~ 
v:i §: 
""· 0 
~';il 
~ 
"" CJ:, 
"" .:. 
-a: 
cs ;:,--
t;)j 
F-
:--'< 
A Genetic Study of Plant Height in Phaseolus Vulgaris. 21 
a typical pole bean both in manner of growth and as regards the 
order of development of its pods. It was then transplanted to a 
large pot of rich soil and all its pods were removed. The plant 
responded promptly to this treatment by beginning growth anew. 
Both the main axis and the single side branch began again to 
elongate with gradually increasing rapidity. The side branch 
continued to grow for some time and to form pods after the manner 
of a true pole bean. The growth of the main axis, on the contrary, 
after only four new internodes had appeared, was abruptly termi- · 
nated by an inflorescence exactly like the terminal inflorescence 
of bush beans. 
Several other instances of this sort have since been observed. 
These plants, however, have all been grown under normal con-
ditions, but have all occurred in the second generation of crosses 
of several bush-bean races with a single pole-bean race. These 
bush races have not given this result when crossed with other 
pole races and the pole race, in crosses of which these anomalous 
plants have occurred, has not itself been observed to show this 
peculiarity. Such behavior is not now understood but is being 
further investigated. 
On the whole, it seems reasonable to suppose that the terminal 
inflorescence of bush beans is formed as a continuation of the 
plant axis and that it has developed thru a modification of the 
indeterminate axis of pole beans. This interpretation is supported 
both by the occasional appearance of ill-formed leaves as a tran-
sition from the plant axis proper to the axis of the terminal in-
florescence of bush beans and by the rare occurrence of plants 
that are typical pole beans thruout the greater part of their 
length, but whose axis terminates in a bush-beanlike inflorescence. 
The individual flower clusters of the bush-bean inflorescence are, 
then, to be regarded as the homologues of the axillary flower 
clusters or inflorescences of pole beans. In place of the leaves 
of the pole-bean axis, there occur in the terminal inflorescence of 
bush beans only small bracts suggestive of adnate· stipules. 
In addition to determinate and indeterminate habits of growth, 
bush and pole beans differ in their ability to twine about supports. 
Circumnutation is strongly developed in all pole beans, but is not 
prominently exhibited ordinarily until after four or five internodes 
have developed, or until even later if the plants are growing 
slowly. Under ordinary conditions, bush beans rarely show 
prominent circumnutation, but, if forced into very vigorous 
growth, the long upper internodes develop pronounced circum-
nutation. (See Fig. 8.) Twining habit is, therefore, not a dis-
tinguishing characteristic of pole beans. Its absence from bush 
beans is incidental to the fact that their main axis is equivalent 
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Fig. 8.-A bush bean with the twining habit exhibited in the very long, 
u pper- fifth- internode. 
to the first four to eight internodes of pole beans, in which twining 
is little developed, particularly if growth is slow. 
Bush beans usually have many branches and pole beans few 
branches, but this difference cannot be used to characterize 
definitely the two groups. When closely crowded together, bush 
beans often fail to develop branches. The shorter pole beans 
commonly have numerous branches and the taller kinds rarely 
fail to produce several branches. Degree of branching is in con-
siderable part a varietal characteristic in both bush and pole 
beans. 
Finally t he bush and pole classes of beans differ in height. 
This naturally follows from the determinate and indeterminate 
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habits of growth of the two classes. Even the most vigorous 
bush bean cannot be expected ordinarily to reach a height, with 
its 4-8 internodes, that may ultimately be reached by even the 
smallest pole bean with its 15-20 internodes. If, however, length 
of par ticular internodes be taken as a measure of height, there is 
found in this respect no characteristic difference between the 
two classes of beans. Some races of bush beans have twice as 
long internodes as others and the same is true of distinct races of 
pole beans. Moreover, the internodes of some bush beans are 
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Fig. 9.- (A ) Very short bush bean, Triumph. (B) Very tall bush bean Tall-
bush , resulting from a cross between a tall pole bean and a short bush 
bean . (C) Short pole bean, Snowflake. (D ) Tall pole bean, July. 
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so long and those of some pole beans so short that there is com-
paratively little difference in height between the two sorts. In 
fact, if the taller sorts of bush beans are forced by favorable soil, 
moisture, etc., and the shorter kinds of pole beans are retarded 
by unfavorable conditions, the bush beans will ordinarily exceed 
the pole beans in height. (Compare the plants shown in Fig. 9.) 
Internode lengths will be considered in detail in a later section of 
this paper. 
GROWTH CURVES. 
In all races of Phaseolus vulgaris, so far as I have observed, 
growth is fairly rapid at the start but soon slackens materially 
as the food stored in the cotyledons becomes exhausted and then 
becomes increasingly more rapid as the young plant becomes 
well established. In general, therefore, the hypocotyl is longer 
than the epicotyl, which, in turn, is longer than the second1 inter-
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Fig. 10.-Growth curves of the main axis of (A) a medium tall bush bean, 
Red Marrow, 3,330 (,), and (B ) a medium short pole bean, Snow-
flake, 3,425 (1). The dots, connected by lines to form these and all later 
growth curves, indicate the heights of mature plants at the upper end 
of the designatej interno :!es. 
1 Since the hypocotyl of a growing or mature plant cannot readily be 
measured, the epicotyl has been measured as the first internode. Thruout 
this paper, the first internode is regarded as beginning at the point of attach-
ment of the cotyledons, the second at that of the primary leaves, the third at 
that of the first trifoliate leaf, etc. 
A Genetic Study of Plant Height in Phaseolus Vulgaris. 25 
node. Usually, tho not universally, the third internode is longer 
than the second and occasionally, tho rarely, exceeds the first 
internode in length. In normal plants growing under fairly 
uniform conditions, internode length becomes increasingly greater 
from the third internode on until the maximum is reached. 
In plants of determinate growth habit (bush beans), maximum 
internode length for the main axis sometimes occurs at the fourth 
and sometimes not until the seventh or eighth internode, but, 
whatever the number, it is almost universally the terminal 
internode that is longest (Fig. 10). This statement could not 
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Fig. 11.- Growth curves of the main axis- solid lines- and of the branches-
brok_en lin~s- of (A) a very tall bush bean, Tallbush, 3,420 (3), (B) a 
medmm tall bush bean, Red Marrow, 3,459 (1) , (C) a part of very tall pole 
bean, Fillbasket, 311 (4) , (D ) a very short pole bean, Snowflake, 231 (3) . 
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hold if the internodes of the terminal inflorescence were included 
as a part of the plant axis, for they are shorter than the internodes 
immediately below them. The axis of the inflorescence is, 
however, so definitely differentiated from the plant axis proper 
that it is not included here in measurements of the latter. 
In plants of indeterminate growth habit the internodes are 
of comparatively uniform length for some distance on both sides 
of the longest internode, but sooner or later they become shorter. 
This shortening of the internodes is slight at first and·increasingly 
more marked as growth proceeds. The growth curve for this 
period of retardation is therefore practically the reverse of that 
for the period of acceleration (Fig. 10). 
The larger branches of bean plants manifest in general peculiar-
ities of growth very similar to those of the main axis. Such 
curves are shown in Figure 11. Branches are as a rule more 
vigorous than the plant axis. This is particularly true of bush 
beans where, as is shown in Figure llA and llB, even the first 
internode of the branches is commonly considerably longer than 
the corresponding internode of the plant axis. It is not un-
common for some of the branches of bush beans to reach twice the 
height of the plant axis. In Figure llB is shown a bush bean of 
which the axis was 233 mm. high and a branch from the third 
node of the axis 535 mm. high. In pole beans, tho the branches 
are often somewhat more vigorous in growth than the plant 
axis, they are by no means universally so and very frequently 
grow less rapidly at the start than the corresponding part of the 
plant axis, as shown at C and D, Figure 11. It seems possible 
that the relative rapidity of growth of axis and branches may 
depend in part upon whether the branches start during the 
period of general growth acceleration or retardation and it certain-
ly depends in part upon the weather. 
Acceleration of growth in the young plant is probably due to 
the fact that the plant is then constantly becoming better estab-
lished. Its roots are gradually becoming better able to obtain 
water from the soil and its rapidly enlarging leaf area is contin-
ually becoming better able to supply food materials for growth. 
But why should not this acceleration in rate of growth continue 
indefinitely in plants of indeterminate habit? Above all why 
should retardation in growth rate occur? It is unlikely that 
senility is to be considered in this connection. The heavy drain 
put upon the plant's resources by the development of a crop of 
pods and seeds doubtless has much to do with retardation of 
growth rate. This is particularly true of the smaller pole beans, 
which early set a heavy crop of pods. With the larger and later 
pole beans, the less favorable weather late in the season doubtless 
has a pronounced influence in retarding growth. 
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Fig. 12.-Growth curves of the small pole bean Snowflake. (A) Plant 2,424 
(B) grown in a large pot of rich, moist soil in the greenhouse and only a 
few pods permitted to develop. (B) Plant 2,424 (F) grown in a small 
pot of poor soil in the greenhouse and allowed to mature its full crop of 
seeds. (C) Plant 3,425 (! ) grown in the garden during a rather hot, dry 
summer and allowed to mature a heavy crop of seeds. 
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When heavy seed production is prevented and when tempera-
ture, moisture, etc., are kept fairly uniform, retardation of growth 
can be avoided for a long time, if not indefinitely. In Figure 12 
are shown growth curves of three plants of the same inbred strain 
of a race of very small pole beans, Snowflake (Navy or Pea bean). 
A and B were from seeds of the same selfed plant and C was 
directly related to them. Under the somewhat unfavorable 
conditions in the garden during a hot and rather dry summer 
(Fig. 12C), growth was at no time very rapid. The heavy setting 
of pods and increasingly unfavorable weather caused a marked 
retardation of growth at about the twentieth node and at the 
height of about 1 meter. With the more favorable temperature 
and humidity and somewhat deficient light of the greenhouse 
(Fig. 12B), growth was rapid at first but the development of a 
considerable crop of pods and the deficiencies of the soil- about 
1.5 liters of a poor sandy loam- brought about an early retard-
ation of growth at about the fifteenth node and at a height of 1.5 
meter. Under the same favorable atmospheric conditions, with 
the advantage of abundant soil fertility- about 10 liters of rich 
loam- and without the drain of heavy pod production, a sister 
plant (Fig. 12A) kept up a remarkably uniform growth to near 
the thirtieth node and to a height of four meters when the ex-
periment was discontinued. 
100 
90 
80 
ui 
.... 70 (l) 
.., 
(l) 
.§ 60 
+> 
,:: 
(l) 50 <:) 
.s 40 
+> 
..c 
0/) 30 ·;;:; 
:r:: 
20 
10 
0 
,, 
I 
I 
I 
I r . 
f I I 
I I 
I I j . 
A I JJ/V C/ ..o ..,X 
/ v ... ' ' (" V I ~ 
' 
0246024602460246 8 
Internode numbers. 
Fig. 13.- Growth curves of (A) and (B ) medium tall bush beans, Red Marrow, 
2,423 (B) and 2,423 (F), and of (C) and (D ) short bush beans, Triumph, 
2,422 (A) and 2,422 (F) . Plants (A) and (C) were grown in large pots 
of rich soil and plants (B) and (D ) in small pots of poor soil. · 
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Bush beans are, of course, influenced by unfavorable weather 
and soil conditions as well as pole beans but no retardation in 
rate of growth of the upper internodes comparable to that in 
pole beans is to be seen. The acceleration in rate of growth is 
lessened but the termination of growth is no more abrupt under
unfavorable than under favorable conditions. Figure 13 shows 
characteristic growth curves of bush beans when grown in rich 
and in poor soil under favorable atmospheric conditions. These 
plants (Fig. 13 A, B, C, D) were grown at the same time and 
under the same conditions as two of the plants just discussed 
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F ig. 14.- Growth curves of pole beans. (A) Snowflake 2,424 (F ) grown under 
fairly favorable and comparatively uniform conditions in t he greenhouse. 
(B ) Snowflake 3,427 (r) grown in the garden in a dry summer and irrigated 
twice. (C) J uly 3,956 (1) grown in t he greenhouse under alternately 
- favorable and unfavorable conditions. . ,, ,ii ,ni 
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(Fig. 12A, B), A and C in large pots of rich soil and B and D in 
pots of poor soil. Plants A and B belong to a race of rather tall 
bush beans, Red Marrow, and plants C and D to a race of very 
short bush beans, Triumph. Plants A and B were from seed of 
the same self-pollinated plant of a previously inbred strain as 
were also plants C and D. 
That retardation in rate of growth in pole beans is often due 
to unfavorable, and acceleration to favorable, weather or soil 
conditions is seen in the behavior of plants grown in the garden 
during the dry summer of 1912 and irrigated twice. Figure 14B 
contrasts the irregularity in growth of such a plant with the 
regularity in growth of a plant (Fig. 14A) kept under the com-
paratively uniform conditions of the greenhouse. Both plants 
belonged to the same inbred strain of the rather short pole bean, 
Snowflake. 
The extreme irregularity of growth of the plant shown in 
Figure 14C was induced by alternately favorable and unfavorable 
conditions. This plant was one of a rather tall race of pole beans, 
July, and was grown in the greenhouse. It was started in a rather 
small pot of rich soil and its growth forced by favorable tempera-
ture and abundant water. Water was then withheld until it 
wilted badly, and for some time it was given only sufficient 
water to keep it alive. When its growth had almost ceased, it 
was transferred to a large pot of rich soil and again kept well 
watered. Under these conditions its main axis elongated rapidly 
until checked by a second period of artificial drouth. 
INHERITANCE OF DETERMINATE AND INDETERMINATE 
HABITS OF GROWTH. 
The results of Mendel (1865), von Tschermak (1904 and 1912), 
and of the writer (1904) were reviewed earlier in this paper. 
Mendel described his results in terms of height, but from my own 
work I am convinced that the character pair with which he dealt 
was really determinate and indeterminate habits of growth. 
Von Tschermak also designated his plants merely as tall and 
short. While it is possible that the very irregular results secured 
by him are due to the fact that he dealt with a cross of very 
distinct species, Phaseolus vulgaris and P. multifiorus, it seems 
quite as probable that they are due to failure to disti guish 
sharply between habit of growth and other factors of height. 
The classification used in my earlier paper (1904) was based 
distinctly upon habit of growth, tho the classes were not there 
listed as determinate and indeterminate. The data then presented 
indicated clearly the perfect dominance of the indeterminate 
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growth habit, the definite segregation in into indeterminate 
and determinate habit with a ratio approaching 3 :1, and the 
typical Mendelian behavior in and later generations of both 
the dominant and recessive characters. Since the publication of 
that paper, a large number of crosses between pole and bush 
beans have been grown, but, since these crosses were made pri-
marily for the study of other characters, definite records of habit 
of growth for have been made in only a comparatively few 
cases. 
Including the records reported in my former paper, I have 
grown in all 948 plants of crosses between pole and bush beans. 
Without exception these have been all indeterminate in habit 
of growth.1 As parents of these crosses there have been employed 
101 distinct races or strains, 58 of which were bush beans and 43 
pole beans. Of the rather large number of F1 plants, progenies 
of which have been grown, positive records are available of the 
offspring of only 32 plants of 16 distinct crosses. From these 
there were produced in F2 1,104 plants, of which 832 were indeter-
minate and 272 determinate in growth, a ratio of 3.01 :0.99, a 
variation from expectation well within the probable error for 
the numbers observed. Of the many F2 bush plants tested in 
F3, accurate records of only 23 are available. All of these were 
found to be constant for determinate growth habit, having pro-
duced 588 bush and no pole beans in F3. Likewise 24 F2 pole 
beans are known to have bred true, having produced 686 pole 
and no bush beans in F3. Again 40 F2 pole beans segregated into 
pole and bush beans in F 3• The F3 progenies of these heterozyg-
ous F2 pole beans totaled 1,259 plants. In most of these cases, 
however, my notes indicate merely the fact of segregation without 
exact records of the number of plants of the two classes. 
It can be said then, by way of conclusion, that in Phaseolus vul-
garis indeterminate and determinate habits of growth constitute 
a simple Mendelian character pair with indeterminate habit 
completely dominant. 
INHERITANCE OF NUMBER OF INTERNODES. 
While it is obviously true that habit of growth is an important 
factor in determining ultimate height in bean plants, it is one of 
the few size factors that can be definitely recognized and that 
can, therefore, be given separate treatment. In many crosses 
the parents of which differ greatly in height, growth habit can 
1 Since these records are merely confirmatory of the results previously 
reported in detail (Emerson 1904), it is thought sufficient to give only the 
summaries here. 
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be disregarded since the same habit is common to both parents. 
It has, therefore, seemed wise to consider growth habit as some-
thing entirely apart from the other factors for height. This 
procedure greatly simplifies our problem- a fact that does not 
seem to have been recognized by some investigators. Up to 
this point we have been concerned largely with habit of growth. 
We come now to a consideration of other factors affecting height. 
Number of internodes plays perhaps an equal part with inter-
node length in determining height of plants. It is a character 
that is obviously very closely related to habit of growth. Plants 
of determinate growth habit have a rather definite number of 
internodes, while those of indeterminate growth habit may have 
from comparatively few to very many internodes. It is true that 
certain races of bush beans show rather constant differences in 
number of internodes, but the fluctuation within a particular 
race--2-4 internodes- is greater than the average difference 
between the most diverse strains that have come under my 
observation. Some races of pole beans also commonly have 
more internodes than others, but number of internodes is here so 
greatly influenced by the weather and other external conditions 
that its investigation is beset with many difficulties. Under 
the comparatively uniform conditions that can be' maintained 
in a greenhouse the difficulties are lessened, but it has been im-
possible for me to make use of sufficient greenhouse room for 
studies of this sort. Not the least difficulty met, in carrying out 
an investigation of this kind in the garden, has been the breaking 
of the main axis of tall plants by winds. The taller pole beans, 
moreover, become so badly tangled that it is extremely difficult to 
make accurate counts. Some observations of number of nodes 
have been made, however, and they are presented here with a 
full realization of their unsatisfactory nature. 
The races used in these crosses were: Red Marrow, a tall 
bush bean; Triumph, a short bush bean; July, a tall pole bean; 
and Snowflake, a short pole bean The two races of bush beans 
were chosen for crossing on account of the great difference in 
their height. This difference, it is true, is largely one of internode 
length but the number of internodes of these races is of interest 
for comparison with the bush beans occurring in of bush-pole 
crosses
In Table 1 are shown the variations in number of nodes of 
the two bush races, of the and generations of crosses between 
them, and of the bush plants that occurred in of crosses be-
tween these bush races and the pole races July and Snowflake . 
All these plants were grown in the garden in 1912. The plants 
representing the parent races were directly descended from · the 
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individual plants used in making the crosses. Owing to the small 
number of plants in any one progeny, progenies of like breeding 
were lumped together in making up the arrays. · 
In mean number of internodes Red Marrow and Triumph 
differed by only 0.20 0.06 of an internode, or about three times 
the probable error of the difference. The means for the and 
F 2 generations were almost exactly half way between the means of 
the parents. It is possible that the two parent races are not 
inherently different but that the slight difference observed in 
mean number of internodes was a mere matter of chance. The 
same would then apply to the intermediate number of internodes 
of F 1 and F 2 • The number of individuals was so small that 
the determination of the mean for plants of that generation has 
little value. It should also be noted that the difference between 
the mean number of internodes for F2 and that for either parent 
lot was less than twice the probable errors of these differences. 
The variation in internode number as measured by the coeffi-
cient of variation was somewhat greater in F 2 than in either parent. 
The differences, however, are only from two to three times their 
probable errors. The most that can be said, therefore, is that, 
if this difference between the parents and the F 2 generation has · 
any significance, it is that there is a slight inherent difference 
between the parents and that the somewhat increased variability 
in F 2 indicates segregation of the factors that differentiate the 
parents.1 
The bush bean segregates in F2 of the crosses between Triumph 
and July and between Triumph and Snowflake exhibited about 
the same intensity of variation as the F 2 plants of the cross be-
tween Triumph and Red Marrow. The variation was somewhat 
greater in case of the F 2 bush segregates of the cross between 
Red Marrow and July, the coefficient of variation being 13.98 ± 
1.69 per cent. While this is greater than that of Red Marrow, 
which was 10.76 ±0.57 per cent, it is less than that of July (see 
Table 2), which was 15.61 ± 1.42 per cent. Considered in con-
nection with their probable errors, the differences- 3.22 ± 1.78 
and 1.63 ± 2.21 respectively- cannot be considered significant. 
It cannot therefore be told, without further breeding tests, 
whether the variation exhibited by these F2 bush plants was 
due to segregation of factors influencing internode number. It 
seems possible, however, that a race of indeterminate growth 
1 Here and consistently elsewhere in this paper the facts are interpreted 
in terms of the multiple-factor hypothesis solely because that hypothesis seems 
to the writer to afford the simplest adequate interpretation. He desires, 
however, to disavow any dogmatic notions as to the truth of this or any other 
hypothesis. A discussion of the matter appears later in this paper. 
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habit, like July, would be subject to greater variation than plants 
of determinate growth. If this is true, the variation shown by 
the F2 bush plants of the cross between Red Marrow and July 
should be compared with that of the bush-bean parent, Red 
Marrow, rather than with the pole-bean parent, July. Such a 
comparison suggests the probability that the parents of this cross 
may have differed by one or more factors for number of internodes 
and that these factors segregated in F2. 
Whether or not the variation noted in the F2 bush plants of 
the crosses discussed above indicates segregation of factors for 
number of internodes, there is less doubt in case of the cross 
between Red Marrow and Snowflake. The coefficient of variation 
of the F 2 bush beans of this cross was 19.65 ±2.18 per cent as 
against only 10.76 ±0.57 for Red Marrow, a difference of 8.89 ± 
2.25. The genetic factors for number of internodes, in regard to 
which the parents of this cross presumably differed, must be 
distinct from the factor or factors concerned with habit of growth, 
for all these F2 bush plants must have lacked the factor for in-
determinate growth and all must have had the factor for deter-
minate growth. If this is true, the F 2 pole-bean segregates of this 
same cross should also have shown greater variation than the 
parents. By reference to Table 2, it will be seen that this was 
actually the case. 
In Table 2 are given the frequency distributions for number of 
internodes of the pole-bean parents of some of the crosses dis-
cussed above, of the F1 generation of these crosses, and of the F 2 
segregates of indeterminate growth habit. The plants from which 
these records were made were all grown side by side in the garden 
in 1912. Owing to the small numbers of plants in individual 
families, the several families of each race and of one generation 
of each cross are thrown together, just as was done in Table 1. 
While it is recognized that this procedure is somewhat question-
able, it is believed that the results are not vitiated materially 
thereby. 
The rather short pole bean, Snowflake, owes its low stature 
in part to a comparatively small number of internodes. The 
mean number of internodes was a little over 20. The much 
taller race, July, averaged somewhat over seven internodes more. 
The greater vigor of the F 1 generation of the cross of these races 
resulted in an average of a little over 30 internodes. The F 1 
progenies of the crosses between the tall bush bean, Red Marrow, 
and these pole beans had slightly fewer internodes than July 
but considerably more than Snowflake. The F 1 plants of the 
cross between the very short bush bean, Triumph, and the com-
paratively short pole bean, Snowflake, were among the most 
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vigorous of all the plants grown in 1912. Tho both the parents 
are among the earliest races of beans, the F1 plants of the cross 
were later in flowering and in ripening seeds than any of the other 
crosses considered here. The same peculiarity was observed 
in F 1 plants of this cross as grown near Boston, Massachusetts, 
in 1911. The large mean number of internodes, over 31, shown by 
the F 1 plants of this cross is probably due directly to the ·vigor 
of growth and lateness induced by heterozygosis. This is indi-
cated by the fact that in F2 very few plants had as many inter-
nodes as the mean of F 1• The F 2 plants of the cross between 
Snowflake and Red Marrow had practically the same mean 
number of internodes as did the F1 plants. 
Unfortunately no records are available of the number of 
internodes in F 2 of the cross between the two pole beans, Snow-
flake and July, or of the crosses between July and the bush races 
Triumph and Red Marrow. The variation shown in F1 of the 
cross between Snowflake and July was slightly less than that 
exhibited by the parent races, but the differences are too small 
to be significant. In F 1 of the Snowflake-Triumph, Snowflake-
Red Marrow, and July-Red Marrow crosses, the variation was 
less than in the pole-bean parents but somewhat greater than in 
the bush-bean parents (Table 1). The small number of plants 
grown in F 1 families may have been in part responsible for this 
comparatively small variation. In F2 the variation in the crosses 
between Snowflake and these bush races, as measured by the 
coefficient of variation, was greater than in even the pole-bean 
parent and much greater than in the F1 plants. In F 2 of the 
Snowflake-Red Marrow cross, the coefficient of variation was 
only 3.81 ± 2.08 greater than that of Snowflake but 9.51 ± 1.44 
greater than that of Red Marrow. The coefficients of variation 
for Red Marrow, Snowflake, the F1 generation of the cross be-
tween them, and the F 2 pole-bean segregates of the cross were 
respectively 10.76 ± 0.57, 16.46 ± 1.61, 10.73 ± 1.29, and 20.27 ± 
1.32 per cent. It will be recalled that the F2 bush segregates of 
this same cross also showed considerable variation in number of 
internodes (Table 1), the coefficient of variation being 19.65 ± 
2.18 per cent. The standard deviations are widely different for 
these lots, but standard deviation is not a good measure of 
variation for comparisons between plants so unlike as pole and 
bush beans. 
The full significance of the greater variation in the F 2 genera-
tion than in F1 or in the parents, as presented in Tables 1 and 2, 
and discussed above, is appreciated only when it is realized that 
the coefficients were determined for the pole and bush segregates 
separately. If the whole F2 generation of either cross between 
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pole and bush beans be thrown into one array, the variation is 
markedly increased The array for the Snowflake-Triumph 
cross arranged in three-internode classes extends from 5 to 32 
internodes and the frequency distribution is: 
11- 2- 0- 0- 3- 8- 8- 4- 2-3. 
The statistical constants are: 
Mean- 17.66±0.96 internodes. 
Standard deviation- 9.07 ± 0.68 internodes. 
Coefficient of variation- 51.34 ±4.72 per cent. 
Similarly the frequency distribution for the whole F2 of the 
Snowflake-Red Marrow cross, in three-internode classes from 
5 to 44 internodes is: 
16- 4- 0- 0- 3- 6- 12- 19- 9-2- 4- 2- 0- l. 
The statistical constants are: 
Mean 21.00±0.78 internodes. 
Standard deviation 10.16 ±0.55 internodes. 
Coefficient of variation 48.38 ± 3.19 per cent. 
The very large coefficients of variation shown by these F2 families, 
about 50 per cent, as compared with the much smaller coefficients 
for the parents and F1, from about 10 to 17 per cent, are plainly 
an expression of the F2 segregation in habit of growth. Indeter-
minate habit necessarily carries with it the ability to produce 
many internodes, while determinate growth makes impossible 
the development of more than a few internodes. But it has been 
shown that distinct races of pole beans, both equally indetermin-
ate in growth, differ noticeably in the number of internodes they 
ultimately produce. Is it not possible then that a tendency to 
produce a large number of internodes, say 30 to 40~ might be 
inherited from a bush bean, which, owing to its determinate 
habit of growth, is itself unable to develop more than a few 
internodes? Likewise is it not possible that a tendency to pro-
duce a few internodes may also be inherited independently of 
habit of growth? 
These questions, if I have correctly interpreted my data, are 
given an affirmative answer by the results of the cross between 
Snowflake and Red Marrow. Snowflake showed a range of 12 
internodes (14-26) and a mean of 20.48 ± 0.44. The F 1 plants 
had a range of 12 internodes (20-32) with a mean of 26.56 ± 0.48. 
The mean for the F2 pole-bean segregates was 26.31 ±0.47, very
nearly the same as in F 1, but the range was 27 internodes (17-44). 
Red Marrow had a range of 3 internodes ( 4-7) and a mean of 
5.78 ±0.05. The F2 bush segregates of the cross between it and 
Snowflake had a smaller mean, 5.45 ± 0.16. The range of varia-
tion was the same as for Red Marrow, but the distribution was 
not that of normal fluctuation. While no new values not seen in 
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Red Marrow were found in the F2 plants, the relatively large 
number of plants with the extreme numbers of internodes, 4 and 7, 
suggests that it would be possible to isolate distinct types of 
bush beans in F3 from this F2 lot. Only by further breeding tests 
can it be told whether this suggestion is correct. The F3 genera-
tion of this cross has not been grown, but fortunately I have 
partial records of another cross which afford direct evidence of 
t he production of diverse types of bush beans from a cross between 
bush and pole races. The cross is one between Longfellow and 
Fill basket. 
Longfellow is a rather short bush bean and Fillbasket is a 
medium tall pole bean. Counts of 10 to 20 plants each when 
grown under similar conditions in the garden in 1909 (except F2, 
which was grown in the greenhouse) gave ranges of variation and 
means as follows : 
Internode numbers 
Mean Range 
Fill basket. . . . .. . . . . . ... ..... . . .... .. .. 17 .3 14-22 = 8 
Fillbasket-Longfellow, F , · . . . . . . . . . . . . . . 21.4 18-24 = 6 
Fillbasket-Longfellow, F, pole.. . .. 20.8 13-26 = 13 
Fillbasket-Longfellow, F, bush. 6.2 4- 8 = 4 
Longfellow. 5.3 4- 6 = 2 
From two F2 bush plants with 6 and 7 in ternodes respectively, 
two small F3 families were grown in 1910 each showing about the 
same range of variation as that of F2. In 1911 near Boston, 
Massachusetts, were grown several F 4 families of this cross. One 
of these (Family 3,254) was from a bush plant with 6 internodes 
which was of t he F3 lot descended from the 6-internode F 2 plant. 
The other lot (3,251) was from a bush plant with 7 internodes of 
the F3 progeny of the 7-internode F2 plant. In the same garden 
and very near these F 4 families, were grown several families of 
Longfellow. All of these were descended directly from the indi-
vidual plant of Longfellow used in making the cross with Fill-
basket now under discussion, but were four generations removed 
from that plant and therefore were its great-great-grandchildren. 
The several families of Longfellow showed only slight differences 
in height of plants. One of them (3,247) was examined for number 
of internodes. The results are given in Table 3. · 
One of the F 4 families of the Longfellow-Fillbasket cross was 
very similar to the family of Longfellow of which internode 
counts were made, the means for number of internodes being 5.17 ± 
0.06 and 4.94 ± 0.08 respectively, a difference of only 0.23 ± 0.10. 
The other F 4 family, however, had a mean number of inter-
nodes of 6.44 ±0.08, which is 1.27 ± 0.10 more than the first F 4 
family had . The variation of the three lots, as indicated by the 
coefficient of variation, was so small and so nearly the same for 
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all lots that it seems reasonable to conclude that the two F4 
families were breeding essentially true to distinct types with 
respect to number of internodes. It seems clearly evident from 
these results that a tendency to develop a comparatively large 
number of internodes, as bush beans go, was inherited in a bush-
bean family from the pole-bean parent of a cross with a bush 
bean of comparatively few internodes. 
It may be concluded, then, in so far as any conclusion can be 
drawn from the somewhat unsatisfactory records here presented, 
that genetic factors concerned in the determination of number of 
internodes in bean plants are distinct from factors for habit of 
growth and are inherited independently of them, so that, with 
respect to number of internodes, it is possible, from a cross between 
a pure strain of bush beans and a pure strain of pole beans, to 
isolate types of both bush and pole beans with other internode 
numbers than those of the parent races. The bearing that this 
may have upon the possible modifications of genetic factors thru 
crossing will be discussed in a later section of this paper. 
CALCULATION OF INTERNODE LENGTH. 
Habit of growth- determinate or indeterminate- has an 
influence upon the average internode length of a plant as well as 
upon the number of internodes. It is obvious that a bush bean, 
in which growth of the main axis is terminated when the period 
of acceleration in rate of growth has barely begun, cannot have so 
great an average internode length as a pole bean, in which growth-
rate acceleration has continued thru a long period. For instance, 
a race of the tallest bush beans that have ever come to my 
notice had a mean internode length for the first six internodes 
of the main axis of only about 37 mm. as grown in 1912, while 
the shortest pole bean with which I am acquainted, when 
grown under similar conditions, had a mean internode length 
of about 48 mm. for the first 15 internodes. The mean 
length of the first 6 internodes of these same pole-bean 
plants was, however, only about 33 mm. Obviously this 
large bush bean has an inherent tendency to produce longer inter-
nodes than the small pole bean, but it cannot do so because its 
growth is terminated at an early stage of development. That 
such a tendency to produce long internodes is a characteristic 
of the tall bush bean is indicated by the F 1 progeny of a cross 
between it and the small pole bean. The mean internode length 
of the cross was about 34 mm. for the first 6 internodes and about 
86 mm. for the first 15 internodes. The latter is 1.8 times the 
mean length of the first 15 internodes of the pole-bean parent. 
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Evidently the tall bush bean not only possessed potentially the 
character of long internodes but was able to impress that charac-
ter upon its F1 progeny when crossed with a pole bean, whereby 
the partially inhibitory action of determinate growth was re-
moved. 
It is plain from this that we cannot compare the average 
length of the few internodes of bush beans with that of the 
many internodes of pole beans. In order, therefore, that pole 
and bush beans may be directly compared, it is necessary to limit 
consideration to a definite number of internodes common to both 
types. All of the bush-bean races and crosses included in this 
study had a mean number of internodes between five and six. 
Since, if the comparison were between the first six internodes, 
a considerable number of bush plants would have to be discarded, 
only the first five internodes are here considered. For this com-
parison all internodes above the fifth in both pole and bush plants 
have been disregarded and all bush plants with less than five 
internodes have been discarded. 
Even when consideration is limited thus to a definite small 
number of internodes, direct comparisons are not entirely trust-
worthy. For instance, July is a pole bean of vigorous growth and 
therefore of relatively long internodes, while Snowflake is a 
slow growing pole bean and consequently has comparatively 
short internodes, but the mean length of the first three internodes 
of Snowflake is greater than that of the corresponding internodes 
of July. Thus for 78 plants of Snowflake and 83 plants of July, 
grown side by side in the garden in 1912, the mean lengths in 
millimeters of the individual internodes from 1 to 15 inclusive 
were: 
Internode No ... 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
July . .. ........ . 19 14 23 41 56 78 115 122 120 120 134 140 139 138 135 _ 
Snowflake ....... 26 17 20 24 25 28 38 45 53 62 73 82 84 77 63 
The mean internode lengths in millimeters of these same plants 
as calculated at the end of any internode from 1 to 15 were, there-
fore, approximately: 
lnternode No ... ......... 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
July.. .. . .... .... . . ... 19 17 19 24 31 39 49 58 65 71 77 82 86 90 93 
Snowflake .... ... . . .. . . ... 26 22 21 22 22 23 25 28 31 34 37 41 44 47 48 
Difference . . ... -7 - 5 - 2 2 9 16 24 30 34 37 40 41 42 43 45 
The difference between these two races in mean internode length 
is thus seen to change rapidly up to about the eighth internode 
and much less rapidly from there on. This is indicated even 
more clearly by means of the ratios of the internode lengths of the 
two races as calculated at the end of each internode from 1 to 15. 
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Such ratios, with the mean internode lengths of July taken as 
100, are: 
lnternode No.... . . . . 1 2 3 4 5 6 7 8 9 IO 11 12 13 14 15 
Ratio 100: .... . ........ 137 129 111 92 71 59 51 48 48 48 48 50 51 52 52 
The mean internode length of Snowflake is, then, approximately 
50 per cent of that of July, if internode length be determined at 
the end of any internode from the seventh to the fifteenth. 
Obviously a comparison between these races in respect to inter-
node length is unreliable if internode length is determined at the 
end of any internode before the seventh. But, if either of them is 
to be compared at all with any bush bean, the comparison must 
relate to the first five or six internodes. 
The illustration used above is an extreme one. The difficulty 
in comparing pole and bush beans is not generally so great. Other 
examples will make this plain. It has been shown above that 
Snowflake is a small pole bean with a mean internode length of 
about 50 per cent that of the tall pole bean, July. Triumph is a 
very short bush bean and Red Marrow a rather tall one. Let us 
compare the mean internode lengths of 79 plants of Triumph and 
73 plants of Red Marrow with those of Snowflake and July as 
given above. The comparisons to the end of the fifth internode 
are: 
lnternode No . . . . ... . ..... 1 2 3 4 5 
Snowflake. . . .... . . .. . . 26 22 21 22 22 
Triumph. ... . ... . . . . .. . . . . 14 11 11 12 14 
Ratio 100:. ........ .. 54 50 52 55 64 
l n ternode No . .. . . ... . . . . 1 2 3 4 5 
Red Marrow. 25 21 20 22 24 
Snowflake ... 26 22 21 22 22 
Ratio 100:. ........ .. 104 105 105 100 92 
lnternode No . . . . . . . .... . . 1 2 3 4 5 
July . .. 19 17 19 24 31 
Triumph . . . . . . . . . . . . 14 11 11 12 14 
Ratio 100:. ...... . . .... .. .. 74 65 58 50 45 
Internode No . .. . . ... . . . .. 1 2 3 4 5 
July. ........... . . . .. . . .. 19 17 19 24 31 
Red Marrow ... . . . .. . . . ... 25 21 20 22 24 
Ratio 100:. ................ 132 124 105 83 77 
Internode No . 1 2 3 4 5 
Red Marrow. .... . . . . . . . . 25 21 20 22 24 
Triumph . ........ . . . . . . . . . 14 11 11 12 14 
Ratio 100: . 56 52 55 55 58 
From the comparison with Snowflake, it might at first seem 
that the internode length of Triumph is about one-half of that of 
Snowflake and the internode length of Red Marrow nearly equal 
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to that of Snowflake. The fact, however, that the mean-length 
ratio for Snowflake and Triumph is considerably greater for five 
internodes than for four, suggests that it might be still greater 
if it were possible to determine it for a greater number of inter-
nodes. The only conclusion that can be drawn from the com-
parison is the rather indefinite one that the potential internode 
length of Triumph is less than that of Snowflake, but probably 
not so much less as is indicated by the mean-length ratio for the 
first five internodes, 100:64. By similar reasoning it is concluded 
that Red Marrow has a potential internode length greater than 
that of Snowflake, the difference probably being more than is 
indicated by the mean-length ratio for the first five internodes, 
100:92. Likewise, it may be said that the potential internode 
length of Triumph is considerably less and that of Red Marrow 
somewhat less than that of July. The direct comparison between 
Red Marrow and Triumph would appear reliable, for the reason 
that mean-length ratios are not far different when the comparison 
is made at the end of any internode from the first to the fifth. 
There is, however, a gradual increase in the ratio after the first 
internode. It would seem safe, therefore, to conclude that the 
potential internode length of Triumph is considerably less than 
that of Red Marrow but that the difference is probably not quite 
so great as is indicated by the mean-length ratio for the first 
five internodes, 100 :58. 
The only method available for accurately testing the potential 
internode length of bush beans is to cross them with pole beans 
and compare the internode length of the indeterminately growing 
plants thus produced with that of the pole-bean parent. For 
such a comparison the F 2 generation of the cross is to be preferred 
to the F1 generation, because increased vigor due to heterozygosis 
is less in F 2 than in F 1• There is an additional reason for this 
preference in case of beans. The difficulty in cross-pollinating 
bean flowers and the fact that only a few seeds are obtained 
from any one pollination, make it next to impossible to grow even 
moderately large numbers of F1 plants. Comparisons of the F 2 
generation of Triumph-Snowflake (56 plants), Red Marrow-
Snowflake (74 plants), and July-Snowflake (78 plants), with each 
other and with Snowflake, are given here: 
InternodeNo ..... 1 2 3 4 5 6 7 8 9101112131415 
Snowflake. 26 22 21 22 22 23 25 28 31343741444748 
Triumph-Snowflake . . 21 18 19 20 21 23 25 28 31 33 35 37 38 39 39 
Ratio 100:. . 81 82 90 91 95 100 100 100 100 97 95 90 86 83 81 
Internode No .. . . . . . . . 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Red Marrow-Snowflake . . 25 22 23 26 28 30 34 38 42 45 48 51 54 55 56 
Snowflake. . ... ... . . .. 26 22 21 22 22 23 25 28 31 34 37 41 44 47 48 
Ratio 100: .. . ... . . .... l0i 100 91 85 79 77 74 74 74 76 77 80 81 85 86 
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lnternode No . .... . . . . 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
July-Snowflake. . . . . . . . . 24 20 21 24 26 30 35 41 46 51 56 61 65 66 68 
Snowflake . . . . . . . . . . . . . 26 22 21 22 22 23 25 28 3134 37 41 44 47 48 
R atio 100: .. . . . . . . . . .. 103 110 100 92 85 77 71 68 67 67 66 67 68 71 71 
lnternode No .... 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
July-Snowflake . . . . . . . . . 24 20 21 24 26 30 35 41 46 51 56 61 65 66 68 
Red Marrow-Snowflake.. 25 22 23 26 28 30 34 38 42 45 48 51 54 55 56 
Ratio 100: ...... . . . .. 104 110 110 108 108 100 97 93 91 88 86 84 83 83 82 
Internode No . 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
July-Snowflake . . .... . .. 24 20 21 24 26 30 35 41 46 51 56 61 65 66 68 
T riumph-Snowflake ... 21 18 19 20 21 23 25 28 31 33 35 37 38 39 39 
Ratio 100: .. .. . . .. 88 90 90 83 81 77 71 68 67 65 63 61 58 59 57 
lnternodeNo . 1 2 3 4 5 6 7 8 9 10 1112131415 
Red Marrow-Snowflake.. 25 22 23 26 28 30 34 38 42 45 48 51 54 55 56 
Triumph-Snowflake. . .. 21 18 19 20 21 23 25 28 31 33 35 37 38 39 39 
Ratio 100: . . . . . . . 84 82 83 77 75 77 74 74 74 73 73 73 70 71 70 
From these comparisons, it is seen that the differences in 
· potential internode length between the bush beans, Triumph and 
Red Marrow, and the pole beans, July and Snowflake, as indicated 
by the previous comparisons of mean lengths of the first five 
internodes, are realized roughly in crosses between the bush and 
the pole beans. Thus the internode length of the Triumph-
Snowflake cross is less than that of Snowflake, but the difference 
is not so great as that between Triumph and Snowflake. The 
mean-length ratio of Snowflake to Triumph, for the first five 
internodes, was 100:64 and that of Snowflake to the Triumph-
Snowflake cross, for the first 15 internodes, was 100:81. The 
cross, therefore, occupied a position intermediate between its 
parents with respect to internode length, which was to have been 
expected. 
Again, the direct comparisons indicated that the internode 
length of Red Marrow was potentially greater than that of 
Snowflake but less than that of July. The Red Marrow-Snowflake 
cross showed that this was t rue. The mean-length ratio of the 
Red Marrow-Snowflake cross to Snowflake, at the end of the 
fifteenth internode, was 100:86, while that of the July-Snowflake 
cross to Snowflake was 100:71 and that of July to Snowflake was, 
as shown earlier, 100:52. That is, t he Red Marrow-Snowflake 
cross had an internode length greater than that of Snowflake, 
but the difference between Snowflake and the Red Marrow-
Snowflake cross was not so great as the difference between Snow-
flake and the July-Snowflake cross, which in turn, of course, was 
not so great as the difference between July and Snowflake. 
That the potential internode length of Red Marrow is less than 
that of July is also shown by the comparison between the July-
Snowflake and Red Marrow-Snowflake crosses, the length-ratio 
of which , for the first 15 internodes, was 100:82. 
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That the potential internode length of Triumph is considerably 
less than that of Red Marrow, as was earlier indicated by direct 
comparison of the first five internodes of these bush races by which 
a mean-length ratio of 100:58 was indicated, is shown by a com-
parison between the Red Marrow-Snowflake and Triumph-
Snowflake crosses, between these crosses and Snowflake, and 
between them and the July-Snowflake cross. The internode 
length of the Triumph-Snowflake cross was 81 per cent of that 
of Snowflake which was only 86 per cent of that of the Red 
Marrow-Snowflake cross. Again the internode length of the 
Triumph-Snowflake cross was 57 per cent and that of the Red 
Marrow-Snowflake cross 82 per cent of the internode length of 
the July-Snowflake cross. From either of these comparisons, 
it follows that the internode length of the Triumph-Snowflake 
cross is 70 per cent of that of the Red Marrow-Snowflake cross, 
and this is also shown by the direct comparison of these crosses. 
That this difference between the Red Marrow-Snowflake and 
Triumph-Snowflake crosses, as determined from the first 15 
internodes, is much less than the difference between Red Marrow 
and Triumph, as determined from the first five internodes, is 
not to be taken as an indication that differences in potential 
internode length of bush beans are not suggested even roughly 
by direct comparison. That the difference between the crosses 
was less than the difference between the races themselves was to 
have been expected, since Snowflake was intermediate between 
the bush races in internode length and should, therefore, produce 
crosses with these races having internodes shorter than those of 
Red Marrow and longer than those of Triumph. If the Red 
Marrow-Snowflake cross were exactly intermediate between Red 
Marrow and Snowflake and the Triumph-Snowflake cross exactly 
intermediate between Triumph and Snowflake, the difference 
between the two crosses should be one-half the difference between 
Red Marrow and Triumph. The difference between the crosses 
was 30 per cent of the larger cross (100 - 70) and the difference 
between the bush races was 42 per cent of the larger race (100 -
58). The difference between 30 per cent and 21 per cent (one-
half of 42 per cent) seems a fair measure of the accuracy with 
which differences in potential internode length of bush beans can 
be judged from a comparison of the actual internode lengths of 
the bush beans themselves. 
The foregoing comparisons, as a whole, indicate that the po-
tential internode lengths of bush beans can be determined roughly 
from measurements of the first five internodes. The length of 
the first 15 internodes is thought to give a fair approximation 
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to the mean internode length of pole beans. In general the 
period of growth-rate acceleration is finished by the time the 
fifteenth internode has developed. It is true that in some plants 
retardation in rate of growth begins somewhat earlier, but the 
retardation is so slow at first that the mean internode length is 
approximately the same whether it is calculated on the basis of 
15 internodes or of a few more or a few less internodes. Since 
the growth-curve for the period of retardation in growth is 
roughly the reverse of the curve for the period of acceleration in 
growth, the mean length of the internodes developed during the 
acceleration period is not far from that of the entire plant. Thus 
the internode length of Snowflake, as grown in 1912, was 46 mm. 
for the first 15 internodes and 48 mm. for the entire length of the 
plants. Similarly the mean internode length of Fr of a cross of 
Snowflake with a very tall bush bean was 86 mm. for the first 
15 internodes and 82 mm. for the entire length of the plants . 
. It is believed that the plant's inherent growth tendencies are 
better shown during the period of growth acceleration than at 
any later period. The period is short and during it, therefore, 
, the plants are not subjected to so wide a range of weather con-
ditiom; as during their whole period of growth . Moreover, the 
practical difficulties to be overcome in measuring all the inter-
nodes of pole beans are considerable. The upper part of such 
plants is usually badly tangled. The main axis is increasingly 
more liable to injury from the wind in its higher internodes. From 
.all of these considerations it has been deemed best to include in 
the following presentation of results a consideration of only the 
first 15 internodes of pole beans and the first five internodes of 
bush beans. 
INHERITANCE OF INTERNODE LENGTH. 
The races of beans employed in this study were, in the main, 
the same races fact the identical cultures- employed in the 
study of the inheritance of number of internodes, namely, the 
pole beans July and Snowflake and the bush beans Red Marrow 
and Triumph. The peculiarities of growth of these races have 
been considered in some detail in the preceding discussion of 
methods of calculating internode length. A note regarding the 
previous breeding of the plants used in this study should be added. 
Except for a part of the plants of Red Marrow, the pedigree of 
all plants of any one race, the records of which are presented here, 
centers in a single self-pollinated plant three generations back, 
four plants in all, one for each race. All the crosses, likewise, 
trace back to the same four plants. These four plants were from 
A Genetic Study of Plant Height in Phaseolus Vulgaris. 45 
guarded pedigree cultures which had been under observation for 
two generations, except the July plant, in which case the pedigree 
ran back only one generation. 
The records reported here were made in 1912 from plants 
grown in the garden . All the families containing pole beans were 
grown together in a small part of the garden . Owing to lack of 
room in this place, t he bush-bean families were grown a few rods 
away on practically the same soil but where exposure to the 
wind was somewhat greater. Tho the differences were not great, 
the conditions as a whole were somewhat more favorable where the 
pole-bean families were grown. Even in this small part of the 
garden, t he conditions with respect to soil moisture were not as 
uniform as desirable. Owing to the dry weather, all the plants 
were irrigated early in the season and again later. One end of 
the pole-bean garden was more difficult to irrigate thoroly than 
the rest and, in consequence, received somewhat less water. 
Fortunately the different races and crosses were arranged in 
planting so that all of them extended across both the drier and 
moister parts of the garden, except the F 1 families which, owing 
to the small number of plants, did not extend entirely across the 
garden. For this reason, as well as because of t he small numbers 
grown, the records of F 1 plants are not entirely comparable with 
those of F 2 and of the parent races. The plants of each parent 
race and of each F 2 generation formed two rows across the garden. 
The records for these several lots are, t herefore, it is believed, 
fairly comparable, tho the amount of variation within all the lots 
was increased to a certain extent by the somewhat unequal 
conditions at the two ends of the garden . 
In Table 4, are presented the data obtained from the four 
races and their crosses with respect to mean lengths of the first 
five internodes. As thus determined, the mean internode length 
of the bush-bean races was 24.41 ± 0.31 mm. for Red Marrow and 
14.28 ±0.24 mm. for Triumph. The F 2 generation of the cross 
between these races had a mean internode length of 19.53 ±0.39 
mm. , almost exactly half way between the means of the parents. 
The range of variation in F2 extended from the lower extreme of 
Triumph to the upper extreme of Red Marrow. The standard 
deviation and coefficient of variation of the F 2 plants were some-
what greater than those of either parent and considerably greater 
than the parents' average. Evident ly internode length in bush 
beans is inherited in much the same way as internode length in 
maize and as many quantitative characters in various plants 
are known to be (Emerson and East 1913). 
The pole beans, July and Snowflake, and the cross between 
them present a different condition. True, the mean length of the 
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first five internodes of the F2 plants, 26.36 ± 0.54 mm., is very 
nearly exactly intermediate between the means of the parents, 
30.09 ±0.77 and 22.65 ±0.32 for July and Snowflake, respectively. 
But both the standard deviation and coefficient of variation for 
F2 are less than these constants for one of the parent races, July, 
tho they are considerably greater than those for the other parent 
race, Snowflake. Of itself, the fact that the coefficient of varia-
tion for F2 is slightly greater than the average of the coefficients 
for the parent races cannot be used to show a segregation in F1 
of genetic factors for internode length, unless, by the same reason-
ing, we are forced to admit also that there is segregation of an 
even greater number of genetic factors in case of the parent race 
July. While it is not unlikely that July is still heterozygous for 
factors concerned in internode length, it is highly improbable 
that it is heterozygous for more factors than F 1 plants of a cross 
between it and the very distinct race, Snowflake. If the high 
coefficient of variation for F2, 25.61 ± 1.55 per cent, is due to 
segregation of size factors as seems probable from other consider-
ations, the still higher coefficient for July, 32.67 ± 2.64 per cent, 
is yet to be explained. 
It seems likely that the great variation exhibited by July, 
with respect to mean length of the first five internodes, is a chance 
relation of its peculiarities of growth in the early stages of its 
development to the somewhat uneven soil moisture conditions 
of the different parts of the garden as noted above. From the 
data presented in the discussion of methods of determining inter-
node length, it will be recalled that, tho July is extremely vigorous 
in growth after once growth is well started, its first two or three 
internodes are unusually short- shorter even than those of the 
much less vigorously growing Snowflake. The mean lengths of 
each of the first seven internodes as determined from measure-
ments of 83 plants of July and 78 plants of Snowflake are repeated 
here: 
Internode No .... .... . . .. . .. 1 2 3 4 5 6 7 
July. . ..... 19 14 23 41 56 78 115 
Snowflake . . .26 17 20 24 25 28 38 
Since the first internodes of July are so very short and some-
what later ones so very long, the change in internode length is 
necessarily extremely rapid. If now this abrupt acceleration in 
growth-rate should begin in one plant with the fourth internode 
and in another with the sixth- as might easily happen if, owing 
to a slight difference in soil moisture, the one plant germinated a 
little later than the other, so that the one had developed only 
three internodes while the other had developed five at the time of 
a heavy rainfall- the mean length of the first five internodes 
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would be strikingly different in the two plants. And, if a number 
of such cases occurred, the coefficient of variation in mean length 
of the first five internodes might be very high, even tho the ulti-
mate heights of the several plants were almost the same and the 
mean length of the first 15 internodes showed little variation. 
That just such differences in the initiation of growth-rate acceler-
ation did occur in the July bean is shown by the measurements of 
the first six internodes of two plants of the same family (3,434) 
that ultimately reached approximately the same heights. The 
individual internode lengths in millimeters were: 
lnternode No . ...... . . . . . . ... · I 2 3 4 5 6 
First plant ........ . ... ........ 22 16 38 96 126 220 
Second plant. . . . ... 20 17 39 54 85 176 
The total lengths of the first five internodes were 298 mm. and 
215 mm. and the mean lengths, therefore, 59.6 mm. and 43.0 mm., 
respectively. The total lengths of the first 15 internodes of these 
same two plants were 1,579 mm. and 1,619 mm. and the corres-
ponding mean internode lengths, therefore, 105 mm. and 108 mm., 
respectively. In short, July bean plants may exhibit great dif-
ferences in mean length of the first five internodes and almost no 
difference in mean length of the first 15 internodes. 
In this connection the relative variation in length of particular 
internodes is worth noting. The coefficients of variation for each 
of the first five and for the tenth internodes of July (83 plants) 
and Snowflake (78 plants) are given below: 
July Snowflake Difference 
Firstinternode ..... . .. . . .. . ... . . ... 17.08±0.95 16.77±0.90 0.31±1.31 
Second internode. . .. 24.36±1.17 20.76±1.35 3.60±1.79 
Third internode. .35.40 ± 1.33 23.48±2.07 11.92±2.46 
Fourth internode. . .. 47.16 ± 1.78 30.29 ± 2.97 16.87 ±3.46 
Fifth intern ode. . . ..... . . ... . . . .. .45.25 ± 1.35 23. 7 4 ± 2.81 21.51 ± 3.12 
Tenth intern6de. . ...... 28.29±2.24 35.55±1.61 - 7.26±2.76 
July shows considerably more variation than Snowflake in the 
third, fourth, and fifth internodes, somewhat less in the . tenth 
internode, only slightly more in the second internode, and no 
appreciable difference in the first internode. While the coefficient 
of variation for mean length of the first five internodes of July 
was 32.67 ± 2.64 per cent and that of Snowflake 15.81 ± 1.01 per 
cent (Table 4), or a difference of 16.86 ± 2.83, these constants 
for the first 15 internodes (Table 5) were for July 26.11 ± 1.52 
per cent and for Snowflake 27.68 ± 1.86 per cent, an insignificant 
difference of 1.57 ± 2.40. As will be shown later, when the first 
15 internodes instead of only the first five are considered, segre-
gation of internode length factors in F 2 is more plainly indicated. 
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Since the behavior of July with respect to mean lengths of 
the first five internodes has been shown to be so irregular, it could 
hardly be expected that the crosses between July and the bush 
beans, Triumph and Red Marrow, would give reliable evidence of 
segregation of internode length factors from measurements of 
the first-five internodes. But there is no other comparison available 
for the F 2 bush segregates of these crosses. The coefficient of 
variation of the F2 bush segregates of the July-Triumph cross 
(Table 4) was less than that of July by 10.80 ±3.74 and practically 
the same as that of Triumph, the difference being only 0.19 ± 
2.93. The coefficient of variation of the F 2 pole segregates of 
this cross was slightly greater than that of the bush segregates 
but not equal to that of July, the difference being 5.40 ±3.29 
and 5.40±3.28, respectively. In F2 of the July-Red Marrow 
cross, the coefficient of variation for mean length of the first five 
internodes was much greater than that of Red Marrow and 
somewhat greater even than that of July. In the statement 
below, the pole-bean segregates of F 2 of the July-Red Marrow cross 
are compared with July and the bush-bean segregates with Red 
Marrow. The calculations were made from measurements of 
74 plants of July, 71 of Red Marrow, 57 of the F 2 pole-bean 
segregates, and only 12 of the F2 bush-bean segregates. The 
coefficients of variation of these four lots of plants for each of 
the first five internodes are: 
lnternode No .. .. ... 1 2 3 4 5 
July-Red Marrow, F, pole . ... . . . . . . ... 19.65 27.52 48.62 66.06 49.06 . 
July .. . . ... 17.08 24.36 35.40 47.16 45.25 
Difference. 2.57 3.16 13.22 18.90 3.81 
lnternode No. 1 2 3 4 5 
July-Red Marrow, F, bush. .. 19.46 15.74 46.27 52.54 64.27 
Red Marrow . .15.20 22.15 20.51 23.18 28.28 
Difference .. 4.26 - 6.41 25.76 29 .36 35.99 
That such differences in the coefficients of variation as those 
between July and the F2 pole-bean segregates, as given above, 
are indications of segregation in F2 of internode-length factors 
which differentiate the parent races seems unlikely. 
The F2 segregates of the July-Triumph cross showed consist-
ently smaller coefficients for the first five internodes considered 
individually than did July, notwithstanding the fact that July 
and Triumph differ more in mean internode length than July 
and Red Marrow and probably also, therefore, in more internode-
length factors. The whole question with respect to these crosses 
can be decided only by further investigation if indeed any decision 
can be reached from measurements of only the first five internodes. 
It may be noted here, tho this will be presented in detail later, 
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that the F2 pole-bean segregates of the July-Triumph cross, as 
well as of the July-Red Marrow cross, showed greater variation 
than did July with respect to mean lengths of the first 15 inter-
nodes. 
From Table 4 it is seen that the variation in mean lengths of 
the first five internodes of the F 2 pole-bean segregates of the 
Snowflake-Triumph cross is less than that of either parent race. 
The F 2 bush-bean segregates of this cross, on the other hand, had 
a greater variation than either parent race. When the individual 
internodes are considered separately, it is found that the standard 
deviations are, as a rule, greater for F2 than for the parent races. 
The very small mean internode lengths of Triumph, however, 
make the coefficients of variation for that race larger in many 
cases than those for the F2 plants. It is possible that the mean 
internode lengths of Triumph are relatively smaller than they 
should have been owing to the fact that the conditions under 
which the bush-bean families were grown were somewhat less 
favorable than those surrounding the pole-bean families. That 
this may be true is suggested by the fact that the mean internode 
length of the F2 pole-bean segregates is considerably nearer that 
of Snowflake than that of Triumph-but this difference may 
in part be due to a somewhat increased vigor arising from partial 
heterozygosis in F 2 • If normal internode lengths in Triumph and 
Snowflake are more nearly alike than indicated by the values 
found here from the first five internodes, less variation would be 
expected in F2 than if the difference between internode lengths 
of the parents were greater, but this variation should certainly 
not, even then, be less than that of the parents. From the data 
at hand, it cannot be said that any segregation occurs in factors 
for mean length of the first five internodes. 
The only cross between pole and bush beans yet to be con-
sidered with respect to mean lengths of the first five internodes 
(Table 4) is that between Red Marrow and Snowflake. The mean 
lengths of the first fiveinternodesarenearlythesame for both parent 
races, but the mean lengths for both generations of the crosses 
are greater than for either parent. This, like the results of the 
Triumph-Snowflake cross, may be due in part to the somewhat 
unfavorable conditions under which the bush-bean families were 
grown, whereby the internode length of Red Marrow was less 
than it would otherwise have been. If this is true, the same 
condition, which may have made the internode lengths of Snow-
flake and Triumph differ more than they should, would tend to 
make the internode lengths of Snowflake and Red Marrow more 
nearly alike than they otherwise would have been. If, on further 
investigation, these conjectures are substantiated, that is, if 
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Triumph and Snowflake are found to have nearly equal internode 
lengths while Red Marrow and Snowflake are found to have 
quite unlike internode lengths, the fact that the variation in F2 
of the Triumph-Snowflake cross was no greater than the variation 
in the parent races would be readily understood, as already 
pointed out, but greater variation would then be expected in F2 
of the Red Marrow-Snowflake cross than in the parent races. 
That this was just what occurred is seen from the data given in 
Table 4. For mean lengths of the first five internodes, the coeffi-
cients of variation are for Snowflake 15.81 ± 1.01 per cent, for 
Red Marrow 15.81 ±0.91 per cent, for the F2 pole-bean segregates 
33.33 ± 2.16 per cent, and for the F2 bush-bean segregates 22.86 ± 
2.86 per cent. The range of variation in F2 was 40 mm. for the 
pole-bean segregates and 25 mm. for the bush-bean segregates, 
as against 20 mm. for F 1, 20 mm. for Snowflake, and 15 mm. for 
Red Marrow. Increased variation of F2 over the parent races 
was also shown for each individual internode of the first five. 
By way of summary it can be said that there is distinct 
evidence of segregation in F2 of factors for length of the first five 
internodes of two crosses between pole and bush beans. No 
evidence of such segregation has been found in case of two other 
such crosses. Where there is distinct segregation in F2 it should be 
possible to isolate types of both bush and pole beans of different 
internode lengths from a single cross of pole and bush races. 
No F3 progenies of the crosses here under consideration have 
been grown, but very distinct types of bush beans with respect 
to internode length have been isolated from a cross of other 
varieties. The evidence of this will be given later. 
Table 5 exhibits the variations in length of the first 15 inter-
nodes of some of the races and crosses discussed above. It is 
obvious that only plants of indeterminate growth habit can be 
included in the table. This eliminates from the comparison not 
only the bush races and crosses between bush races but also 
the F2 bush segregates of pole-bush crosses. For the races and crosses 
that can be included here, the data are more reliable than those 
for the first five internodes. The reasons for this were discussed 
in the consideration of methods of calculating internode lengths. 
The mean length of 15 internodes is a better measure of internode 
length than the mean length of only five internodes. 
The mean length of the first 15 internodes in F2 of the July-
Snowflake cross, 69.29 ± 1.99, is almost exactly intermediate 
between the means of the parent races, 89.69 ± 1.84 for July and 
46.28 ± 1.13 for Snowflake. In range of variation, the F2 plants 
extend to the outer extremes of the two parents. The coefficients 
of variation are 27.68 ± 1.86 for Snowflake, 26.11 ± 1.52 for July, 
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21.20±1.90 for F 1 of the cross between them, and 36.90±2.37 for 
F2 of the same cross. The indication here of an F2 segregation of 
internode-length factors in a cross between two pole beans of 
very unequal internode length is fairly definite. 
In every one of the four crosses between pole and bush beans, 
the F2 pole-bean segregates exhibit somewhat greater variation 
than the pole-bean parent, as measured by the coefficient of varia-
tion, but not always as measured by the standard deviation. 
The coefficients of variation for July and Snowflake and for the 
F2 families of their crosses with' bush beans are: 
July.. . .................. ..... ... 26.11±1.52 per cent 
July-Triumph F 2 . ......•.•.•.•.•. • .• . ....••• .•• .. 32.97±2.43 per cent 
July-Red Marrow F2 ..... .......... . . .... . ... . . . ... . 29.62±2.03 per cent 
Snowflake. . . . . . . . . . . . . . 27.68 ± 1.86 per cent 
Snowflake-Triumph F2 ....... ........ . . . . . . . .. .... ... 28.20 ± 2.02 per cent 
Snowflake-Red Marrow F2. . ... 31.74±2.02 per cent 
While the indications are not so clear in some of these crosses as 
in others, the evidence as a whole favors the conclusion that there 
is segregation of internode-length factors in crosses between bush 
and pole beans, just as in crosses between two bush or two pole 
races that differ in internode length. 
Whether there has been segregation of genetic factors for 
internode length in F2 can be determined much more positively 
by the constant types that are isolated in F 3 or later generations 
than by statistical constants calculated from the F 2 generation 
and from the parent races. 1 No F3 generation of any of the crosses 
considered here has been grown, but partial records of another 
cross give positive evidence of the production of bush beans of 
diverse types with respect to internode length. The cross in 
question is that between Longfellow, a bush bean with rather 
short internodes, and Fillbasket, a pole bean with fairly long 
internodes. The data for internode length were obtained from 
the same cultures as the data for number of internodes, which were 
presented earlier in this paper. 
From a small F 2 family of the Longfellow-Fillbasket cross, 
grown in the greenhouse in 1909, a very tall bush segregate was 
chosen and a few F 3 plants were grown from it in the garden in 
1910. One of the tallest plants of this F 3 family was the parent of 
1 Shull (1914) has pointed out the fact that increased variability of quanti-
tative characters in F 2 might be due to the unequal stimulation of various 
degrees of heterozygosis (unequal heterosis) of factors other than those directly 
concerned in the development of the quantitative characters in question 
and that somewhat diverse F 3 types m ight also be due to different average 
degrees of heterozygosis. No constant difference between extracted types 
could, however, be accounted for in this way. 
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an F4 family (3,251) grown near Boston, Massachusetts, in 1911. 
A medium small bush plant was also chosen from the same F 2 
family, a small F3 family grown from it, and a medium small 
F3 plant chosen as the parent of an F4 family (3,254), also grown 
near Boston. In the same garden with these F4 families, were 
several lots of the parent race, Longfellow, all descended directly 
from the individual plant used in making the Longfellow-Fill-
basket cross. All these lots of the bush parent were much alike 
in height. The plants of one of them (3,247) were measured for 
comparison with the two very unlike F4 families. In making these 
records the total length of the main axis and the total number of 
internodes were determined instead of measuring each internode 
separately, as has been done in most of the more recent work. 
The internode lengths reported here were calculated from the 
data recorded. As has been pointed out before, this does not 
give as accurate a measure of mean internode length as is obtained 
from a definite number of internodes, but it does nevertheless 
give some notion of differences in internode lengths between the 
three lots. Statistical constants for the three lots of plants are: 
Number of Standard Coefficient 
individuals Mean deviation of variation 
Longfellow (3,247) ........ . .. 18 27.7±0.7 4.6±0.5 16.5±1.9 
Longfellow-FillbasketF; (3,254) .. 36 22.3±0.6 5.3±0.4 23.7±2.0 
Longfellow-Fillbasket F.(3,251) . .41 54.2 ± 1.5 14.7 ± 1.1 27.1 ±2.2 
One of the F4 families had, it is seen, somewhat shorter inter-
nodes than the family chosen to represent the bush parent of the 
cross, while the other F4 family had internodes almost twice as 
long as the parent race. It is probable that the several families 
of the bush-bean parent would have been found to differ some-
what in internode length, had they been measured, but certainly 
no such difference existed between them as between the two F 4 
families. 
Since these F4 families not only differed much in internode 
length but also showed some difference in number of internodes 
(Table 3), it follows that they differed also in height of plants. 
In fact the difference in this respect was remarkable. Ji.\ family 
No. 3,251 was one of the tallest lots of bush beans that I have 
ever seen. The mean length of the main axis in Longfellow 
(3,247) was about 137 mm., in the short F 4 family (3,254) about 
121 mm., and in the tall F 4 family (3,251) about 349 mm. The 
extreme difference in height of plants of these families is shown 
in Figure 15. It is plain, then, that, while the segregation into 
pole and bush beans in F 2 of a pole-bush cross is as definite as 
segregation in any simple Mendelian character, some of the bush 
segregates at least are very unlike the bush parent in height of 
plant
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Fig. 15.- Representative plants of (A) a race of short bush beans, Longfellow, 
and (B) a race of tall bush beans, Tallbush, established from a cross 
between Longfellow and a tall pole bean . 
The very tall bush-bean type, isolated as noted above (Family 
3,251) from a cross between a rather short bush bean and a fairly 
tall pole bean, has been grown for some generations and found to 
be fairly constant. The race will be known here as Tallbush. 
Since Tallbush inherited its tallness from a tall pole bean (the 
other parent race being a short bush bean), it is of interest to 
note that it transmits tallness to a part of its pole-bean progeny 
when crossed with a very short pole bean. 
The short pole bean chosen for one parent of this cross was 
Snowflake and the plants used were directly descended from those 
employed in the crosses with Red Marrow, Triumph, and July, 
discussed earlier in this paper. The Tallbush plant used in this 
cross was a direct descendant one generation removed from the 
F 4 family 3,251 of the Longfellow-Fillbasket cross noted above. 
In 1912 the parents and F 1 of the Snowflake-Tallbush cross 
were grown in the garden along with the plants recorded in Tables 
4 and 5. The following winter a few plants of both parent races, 
a single plant of F1 and a considerable number of plants of F 2 
of the cross, were grown in the greenhouse in 6-inch pots of rich 
soil under conditions of temperature and moisture favorable to 
rather excessive length growth. 
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The mean internode lengths, as calculated from the first five 
internodes, of the garden-grown parent races and F 1 are given in 
Table 6. Snowflake and Tallbush had mean internode lengths 
of 22.65 ±0.32 and 44.76 ±0.93, respectively. The mean of F 1 
was 29.62 ± 0.59, which is considerably below the average of the 
means of the parents. While the coefficient of variation of F 1, 
17 .23 ± 1.45, is somewhat greater than that of the parents, 15.81 ± 
1.01 and 12.76 ± 1.50, it is not sufficiently so to demonstrate a 
significant difference in variability. 
Data for F2 of the Snowflake-Tallbush cross are given in Table 
7. As noted above, these plants were grown in the greenhouse 
during winter. Only a few plants of the parent races and only 
one plant of F 1 were grown for comparison. Tallbush responded 
to the relatively high temperature and humidity and weak light 
of the greenhouse much more pronouncedly than did Snowflake, 
the internode length of the few plants grown being more than twice 
that of the same race as grown in the garden the summer before. 
It seems quite possible that a similar difference in response to the 
greenhouse conditions on the part of the several plants of F2 
may account in part for the rather remarkable range of variation 
in internode length exhibited by that lot of plants. The average 
length of the first five internodes of the F 2 plants included in its 
range the extremes of the parent plants. It is noteworthy that 
this variation was quite as marked in the pole beans of F 2 as in 
the bush plants. The tendency to produce long internodes, 
characteristic of the bush parent, was transmitted to a part of 
the pole-bean as well as to a part of the bush-bean offspring. 
Quite as noticeable is the fact that the tendency to form short 
internodes, a characteristic of the pole-bean parent, was trans-
mitted to a part of the bush plants as well as to a part of the pole 
plants of F2• Here, just as in crosses between tall pole beans and 
short bush beans, habit of growth segregated in a 3-1 way-
88:31 to be exact- but both determinate and indeterminate 
types of plant were in fact very different from the respective 
determinate and indeterminate parent stocks. 
While the internode length of F1 was distinctly intermediate 
between the internode lengths of the parent races (Table 6) and 
while the internode lengths in F2 ranged from one parent type to 
that of the other (Table 7), the height of the F1 plants was by no 
means intermediate between the parents, nor was the F 2 range in 
height confined to the parental extremes. The heights of the F 2 
plants are shown in Table 8. The few very long internodes of the 
determinate parent, Tallbush, as grown in the greenhouse, made 
it practically equal the height of the indeter.minate parent, 
Snowflake, with its more numerous but much shorter internodes. 
i 
K 
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Fig. 16.- Representative plants (A) of the short pole bean Snowflake, 3,958, (B) of the tall bush bean Tallbush, 
3,957, (C ) of the F, of the cross between Snowflake and T allbush , 3,959, (D ) of the pole segregates and (E ) 
of the bush segregates of F, of the same cross, 3,961. 
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The F2 bush plants were on the whole considerably shorter than 
the bush parent, none being so tall as the taller plants of Tall-
bush. It was among the F2 pole-bean plants, however, that the 
most remarkable variation was exhibited. The smallest of these 
plants were only about 35 centimeters high- shorter than any 
of the few plants of Snowflake grown with them but not much 
shorter than are sometimes found among weak plants of that race. 
At the other extreme were plants nearly 200 centimeters tall- a 
height not materially less than that attained by the taller races 
of pole beans when grown in as small pots as were these F2 plants. 
The great variation in height of the F2 plants of this cross is 
perhaps made even more obvious by the photographs reproduced 
in Figure 16. It seems a clear inference from the data here pre-
sented that a tall race of bush beans, which inherited its relatively 
great height from a tall pole-bean parent of an earlier cross, has 
transmitted tallness to its pole-bean progeny when crossed with a 
very short pole bean. Other factors for height of plant are, then, 
inherited independently of habit of growth. 
FACTORS FOR PLANT HEIGHT- THEIR SEGREGATION AND 
POSSIBLE MODIFICATION IN CROSSES. 
It was noted in the introduction to this paper that quantita-
tive characters, including height of plants in maize at least, are 
usually intermediate between the parents in F1 and show a wide 
range of variation in F 2, thus furnishing a basis for the isolation 
of numerous quantitatively distinct types in F3. It was also 
noted that some quantitative characters, particularly height of 
plants of several very diverse groups including beans, exhibit 
perfect dominance in F1, followed by simple 3:1 segregation in F2 
and typical Mendelian behavior in later generations. That 
height of plants should in some cases fall into the one and in 
other cases into the other of these two classes of behavior presents 
an important problem. If the inheritance of quantitative charac-
ters in general is to be interpreted on the basis of the multiple-
factor hypothesis, it is to be expected that some quantitative 
characters will be found to differ by only a single genetic factor 
just as other quantitative differences may be due to three or four 
or ten factors. It seems probable, then, that, within any one 
species, and with respect to the same plant part, great quantitative 
differences are in general due to many factors and small quantita-
tive differences to one or to a few factors, tho of course it is not 
maintained that all size factors, even in this restricted case, 
necessarily have equal value. (In this connection see Shull 1914.) 
But the 3-1 segregation, denoting a single-factor difference, is 
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seen in crosses between tall and dwarf (pole and bush) beans 
whether the difference in height of the parents is very great or 
only medium. 
Evidence has been presented in this paper to show that very 
tall and very dwarf beans (pole and bush beans) differ by a 
single fully dominant genetic factor for habit of growth. Pole 
beans are indeterminate in habit, growth continuing apparently 
as long as conditions are favorable. Bush beans are determinate 
in growth, the main axis being terminated by the inflorescence 
One genetic factor for growth habit differentiates a very tall 
pole bean from a very dwarf bush bean just as sharply as it does 
a medium short pole bean from a medium tall bush bean. 
Evidence has also been presented to show that height of plant 
in beans is influenced by other genetic factors independent of 
habit of growth. These factors have to do with number of 
internodes and with internode length. It has been shown that 
pole-bean races, equally indeterminate in habit of growth, may 
differ considerably in the number of internodes ultimately pro-
duced and also in the length of particular internodes and the 
mean length of all internodes. Bush beans also differ much in 
internode length and somewhat in number of internodes. Tho 
the evidence presented here is not all that might be desired, it 
is believed to be sufficient to show that both internode length 
and number of internodes in beans are inherited in the same way 
that most quantitative characters in plants are. An intermediate 
development in F1 (often masked by the increased vigorofheterozy-
gosis), increased variation in F2, and the isolation of distinct 
types in later generations have been shown. The fact that the 
F2 generation of some crosses was not more variable than one or 
other of the parent races- whether or not this be due to irregular-
ities discoverable in the parent races- cannot displace the positive 
evidence of increased variation in other crosses. 
It seems clear that, if the production of types unlike either 
parent in number of internodes or in internode length is due to a 
segregation of independent, nondominant factors for number of 
internodes or internode length in crosses between two unlike 
bush beans or in crosses between two unlike pole beans, then, 
a similar result must be interpreted in the same way in case of 
crosses between a pole bean and a bush bean. 
From a cross between a tall pole bean and a short bush bean, 
there resulted in F2 a distinct segregation into approximately 
three pole beans to one bush bean. Evidently there existed 
between the parents a single-factor difference for habit of growth. 
But while these pole-bean segregates were all indeterminate in 
habit of growth some of them were much shorter than the pole-
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bean parent race, and, likewise while the bush segregates were all 
determinate in habit of growth, some of them were much taller 
than the bush-bean parent race. We need not conclude from this, 
however, that the single factor for habit of growth by which the 
parent races differed was modified in some way by the cross, so 
that, while only determinate and indeterminate habits were to be 
seen in F2, they were in part of the individuals modified determin-
ate and modified indeterminate habits. It seems more likely 
that there existed other factors for the difference in height of 
the parent plants besides the factor for habit of growth and that 
segregation of these other factors was responsible for the different 
heights of bush beans and the different heights of pole beans noted 
in the F2 generation. 
From one of the very tall F2 bush plants of this cross there 
has been established a race of very tall bush beans, known here 
as Tallbush, (Figs. 9 and 15) and this has been crossed with a 
race of very short pole beans, Snowflake (Fig. 9). Tall pole 
beans resulted in F 1 and there was a wide range of variation in 
height of both the pole and bush segregates in F2. Apparently 
the factors for number of internodes and for internode length, 
which this very tall race of bush beans received from the tall 
pole-bean parent of the original cross, are able to reproduce the 
tallness of that parent when associated with the factor for in-
determinate growth secured from a very short pole bean. And, 
moreover, these factors have apparently segregated to produce 
diverse heights in both the pole and bush plants of this later F2 
generation from the cross between the tall bush bean and the 
short pole bean just as they did to produce the diverse types of 
the earlier F2 generation from the cross between the tall pole 
bean and the short bush bean. 
If we were to account for these results by assuming a modifica-
tion of the factor for determinate growth thru the influence of 
the tall pole bean employed as one parent of the original cross, 
we should have also to make the following additional assumptions: 
(1) That the modification affected the bush habit in different 
degrees in the case of the several F 2 bush plants, (2) that the modifi-
cation is constant in the new tall bush race, (3) that the modified 
determinate habit was remodified in the cross between the tall 
bush race and the very short pole race, the modification again 
affecting only a part of the F 2 bush plants, (4) that this remodified 
determinate habit was able to modify the indeterminate habit 
in a very definite way in the cross with the short pole bean, so 
that the F 1 plants were all very tall pole beans, and finally (5) 
that this new modification of the indeterminate habit was able to 
appear in only a part of the pole-bean segregates of F2. 
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The modification would then also have to be used in interpret-
ing the results secured from crosses between two bush races or 
two pole races of different heights, for there seems to be no 
fundamental difference between such crosses and crosses between 
a pole bean and a bush bean. But, for the results from crosses of 
unlike bush or pole beans, the multiple-factor hypothesis affords 
a much more simple and direct explanation. It accounts for the 
intermediate development in Fi, for the wide range of variation 
in F2, and for the constancy of some and inconstancy of other F2 
types. 
In many respects the results secured from crosses between 
pole and bush beans resemble the results obtained from crosses 
between hooded and Irish rats (MacCurdy and Castle 1907), and 
hooded and wild rats (Castle 1912). When hooded rats-char-
acterized by pigmented head, shoulders, and forelegs and median 
dorsal stripe and white over the rest of the body- were crossed 
with Irish rats- characterized by pigmented sides and dorsal 
surface and a variable white area on the ventral surface- the 
Irish pattern was dominant in F 1 and segregation into Irish 
and hooded patterns with a 3-1 ratio occurred in F 2 , but the 
pigmented area in the hooded segregates was increased as was 
also the range of variation in amount of pigmentation. From this 
MacCurdy and Castle conclude : 
"Again, though the inherit ance is clearly Mendelian, when hooded and 
Irish rats are crossed, the gametes formed by cross-breds are not pure, but 
modified, each pattern being changed somewhat in the direction of that pattern 
with which it was associated in the cross-bred parent." 
A strain of hooded rats with extensive pigmentation and a 
strain with restricted pigmentation were established by selection. 
When crossed with wild rats- totally pigmented- each hooded 
strain behaved as a simple Mendelian recessive, but the hooded 
segregates from the cross of wild rats with the extensively pig-
mented hooded pattern were more extensively pigmented than 
the hooded segregates from the other cross. Crosses between 
hooded rats with restricted pigmentation and hooded rats with 
extensive pigmentation gave results similar to most crosses where 
the parents differ quantitatively. (Castle and Phillips 1914.) 
The fact of simple Mendelian segregation in such crosses has 
led Castle to maintain that only a single unit-character is involved 
in the experiment (Castle 1912, 1914), tho he admits the possibility 
that additional factors may be concerned (Castle and Phillips 
1914) as first suggested by East (1912) and later discussed by 
the Hagedoorns (1914) and Muller (1914). That the hooded 
pattern differs from the Irish pattern in a single genetic factor 
will be readily admitted. That there are no additional factors 
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influencing the extent of pigmentation in the hooded pattern 
but unable to influence the Irish pattern is not so clear. The 
behavior of crosses between a hooded strain with extended pig-
mentation and one with restricted pigmentation affords support 
to the idea of such additional factors as do also the results of 
crosses between Irish rats and rats with extended hoods whereby 
the hoods of F2 segregates are restricted rather than further ex-
tended. In short, it seems possible that restricted hood may differ 
from extended hood by one to several genetic factors, just as tall 
bush beans seem to differ from short bush beans, and that Irish 
pattern may sometimes possess and sometimes lack factors for 
extension of the hooded pattern, just as tall pole beans seem to 
possess and short pole beans to lack some factor or factors for 
internode length or internode number- factors which, it appears, 
can be inherited independently of habit of growth and thereby 
be transferred from pole to bush or from bush to pole beans. 
I will admit that at first it seems unlikely that a genetic 
factor could be present in the Irish pattern of rats together with 
the factor that differentiates the Irish from the hooded pattern, 
without interfering with the simple 3-1 segregation resulting from 
a cross between Irish and hooded rats. The existence of factors 
for internode length independent of factors for habit of growth 
in beans presents no such difficulty. Apparently the only rela-
tion that habit of growth bears to internode length exists merely 
by virtue of the circumstance that determinate habit arrests 
growth when the period of acceleration in growth-rate has barely 
begun, so that internode length of bush beans is ordinarily much 
less than that of pole beans. But to conceive the possible nature 
of factors for number of internodes independent of a factor for 
habit of growth in beans presents as great a difficulty as to 
conceive the possible nature of pigment-extension factors in-
dependent of pattern factors in rats. 
The principal effect upon plant height of indeterminate growth 
is to extend the number of internodes almost indefinitely while 
that of determinate growth is to limit the development of inter-
nodes to a small and rather definite number. If there are, in 
addition to a single factor for habit of growth, other special factors 
for internode number, how can there result a simple segregation 
giving three plants with many internodes (indeterminate) to one 
plant with few internodes (determinate)? 
Let us see whether the multiple-factor hypothesis-assumed 
thruout this paper to interpret the results as regards number of 
internodes in crosses between distinct bush beans and also in 
crosses between distinct pole beans- can be combined with the 
single-factor hypothesis- also used consistently to interpret the 
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facts with reference to the inheritance of habit of growth- so that 
the combination shall afford a true picture of the results secured 
from a cross between a tall pole bean and a short bush bean, 
or a short pole bean and tall bush bean. Let us assume that 
difference in habit of growth between pole and bush beans is 
due to the single factor A and that the difference between a tall . 
bush bean and a short one or between a tall pole bean and a 
short one is due to the two factors Band C. Let us also assume 
that A is a dominant factor and that B and C are nondominant 
factors. Finally, the following values, which are to be added 
to an initial value of three internodes; will be assumed for the 
three factors: 
A = 10 internodes 
B = l internode 
C = 1 internode 
Because A is dominant and B and Care nondominant, these 
factors, when in the duplex condition, will have the following 
values: 
AA= 10 internodes 
BB= 2 internodes 
CC= 2 internodes 
A plant with the formula AABBCC is then- environmental 
influence aside- a pole bean with 17 internodes, a plant AAbbcc 
is a pole bean with 13 internodes, a plant aaBBCC is a bush 
bean with 7 internodes and a plant aabbcc is a bush bean with three 
internodes. A cross between AABBCC and AAbbcc would give an 
F2 of all pole beans but with a somewhat greater range of varia-
tion than that of either parent. Likewise a cross between aaBBCC 
and aabbcc would produce nothing but bush beans, but the varia-
tion in F2 would be greater than in either parent. Crosses be-
tween AABBCC and aaBBCC, between AAbbcc and aabbcc, 
between AABBcc and aaBBcc, etc., would give, in F2, three pole 
beans to one bush bean without an increased range of variation 
in either class over that of the parent races. Finally a cross be-
tween AABBCC and aabbcc or between AAbbcc and aaBBCC 
would result in F2 in three pole beans to one bush bean and both 
of the F2 classes would show greater variation than the parent 
races. The latter possibilities alone need be illustrated further. 
The formulae and numbers of internodes of the parents and F 1 
would be: 
Or: 
Parent AABBCC = 17 internodes. 
Parent aabbcc = 3 internodes. 
F1 AaBbCc = 15 internodes. 
Parent AAbbcc 
Parent aaBBCC 
F1 AaBbCc 
= 13 internodes. 
= 7 internodes. 
= 15 internodes. 
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The formulae, number of internodes and frequencies of the 
several F 2 types would be: 
Frequencies Formulae Internodes Frequencies Formulae Internodes 
1 AABBCC 17 2 AabbCC 15 
2 AABBCc 16 4 AabbCc 14 
2 AABbCC 16 1 AAbbcc 13 
2 AaBBCC 17 2 Aabbcc 13 
4 AABbCc 15 1 aaBBCC 7 
4 AaBBCc 16 2 aaBBCc 6 
4 AaBbCC 16 2 aaBbCC 6 
8 AaBbCc 15 4 aaBbCc 5 
1 AABBcc 15 1 aabbCC 5 
2 AABbcc 14 2 aabbCc 4 
2 AaBBcc 15 1 aaBBcc 5 
4 AaBbcc 14 2 aaBbcc 4 
1 AAbbCC 15 1 aabbcc 3 
2 AAbbCc 14 
The frequency distribution for number of internodes found by 
assembling the above data is : 
Internodes. 
Frequencies . 
Bush beans . 
Ratio . . 
. . . . . 3-4-5-6-7-8-9-10-11-12-13-14-15-16-17 
. . . . . . . . . . . . . . . . . . . . . . . . 1 4 6 4 1 . . . . . . . . . . . . 3 12 18 12 3 
. . . . . . . . . . . . . . . . . . . . . . . . . . . 16 Pole beans. . . 48 
. .1 ... . . . .... 3 
From the illustration given above, it is seen that a combina-
tion of the multiple-factor and the single-factor hypotheses, 
previously employed separately, can be used to interpret . the 
facts with regard to the inheritance of habit of growth and number 
of internodes in crosses between pole and bush beans. A 3-1 
distribution of pole and bush types, together with wide variation 
in internode numbers in both classes, is realized as a result of 
the assumptions made. The range of variation observed in F2 
of the crosses of pole and bush beans reported in this paper is 
much greater for the pole-bean than for the bush-bean segregates. 
This difference is not expressed in the hypothetical frequency 
distribution given above. But no account is here taken of the 
influence of environmental conditions upon the number of inter-
nodes. In the discussions of habit of growth and of growth curves 
early in this paper, it was shown that environmental conditions 
exert a marked influence upon the number of internodes of pole 
beans while having little or no effect upon bush beans. Pole 
beans, in short, owing to their indeterminate habit, are capable 
of prolonged growth under favorable conditions but may have 
their growth arrested early by unfavorable conditions, while bush 
beans under very favorable conditions merely produce more 
branches, all of which are as determinate in growth as in the main 
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axis. The difference in variation between the pole and bush 
segregates in F2 is no greater than that between pole and bush 
races. 
In the hypothetical formulae employed here, the factor A 
for habit of growth is ass.urned to differ in no way from the 
factors B and C, except in regard to dominance and to the mag-
nitude of its effect upon number of internodes. As a matter of 
fact, the factor A must differ in another respect from B and C, 
for the axis of a pole bean with relatively few internodes is not 
terminated by an inflorescence and can be forced to elongate 
almost indefinitely, while the axis of the tallest bush bean is 
terminated just as abruptly as that of the shortest bush bean. 
If A were a factor for habit of growth alone without other relation 
to internode numbers and B and C and their like mere modifying 
factors, some of them, perhaps, concerned in general vigor of 
growth, time of flowering and of seed production, etc., the results 
would be the same. It is probable that size factors in general 
interact one upon another during development, a single factor 
sometimes being concerned in the development of several charac-
ters commonly regarded as quite distinct and several factors at 
times being concerned in the development of a single character. 
Several indications of this sort have been observed in maize 
(Emerson and East 1913). In the present paper numerous 
illustrations of the interrelations of growth habit, internode num-
ber, internode length, time of flowering and seed production, and 
the like have been pointed out. 
By way of conclusion, it may be said that the known facts 
in regard to the inheritance of the quantitative character height 
of plant in beans yield readily to an analysis based upon a modi-
fied multiple-factor hypothesis. The proposed modificat ion con-
sists merely of the assumption of inequality in dominance and 
inequality in potency of some of the factors concerned. It is 
probable that no geneticist would maintain that all the genetic 
factors concerned in the development of any quantitative charac-
ter are necessarily equal in dominance or potency but, since the 
actual potency of distinct quantitative factors has as yet been 
determined in no case and since the assumption of equal potency 
of two or more factors affords a simple and sufficiently accurate 
interpretation of quantitative inheritance, no other assumption 
seems necessary except in cases like the one now under considera-
tion. Whether this modified multiple-factor hypothesis will 
account for the facts of inheritance of plant height in case of 
such types as tomatoes, peas, dwarf maize, etc., is a question for 
future determination. 
1 For a discussion of this matter, see Shull 1914, and Muller 1914. 
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In presenting this factorial interpretation of inheritance of 
height of plant in beans, the writer disavows any intention of 
maintaining that this is the only possible interpretation of the 
facts presented. Castle's hypothesis of the modification of genetic 
factors is another such interpretation (Castle 1914a). Perhaps 
neither is correct. Both serve the purpose of working hypotheses, 
in so far as they suggest the direction of further researches. Since 
one hypothesis may suggest certain lines of further investigation 
and another hypothesis may suggest other lines, it is fortunate 
that we are not limited to a single hypothesis. The multiple-
factor hypothesis has been adopted here because it seems to the 
writer to afford the more simple and direct interpretation of the 
known facts concerning the inheritance of quantitative characters. 
This statement is made with a full realization that, whatever 
hypothesis is adopted, it must interpret the facts of inheritance 
derived from selection experiments as well as those obtained from 
cross-breeding. 
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TABLE 1.- Frequency distribution of number of internodes per plant in bush-bean races and crosses . 
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TABLE 2.- Frequency distribution of number of internodes per plant in pole-bean races and crosses. 
.:: Class centers for I - 00 0 ool 
·n number of internodes ,._ ;:j 
Pedigree ~ Q) '<:l Standard Coefficient ,._ .n.-Q) S.2: Race or cross number .:: 
- ----------
Mean deviation of variation Q) ;:j't;l 
c.? z.s 
14 17 20 23 26 29 32 35 38 41 44 
- - - - - - - -
-
-
-
Snowflake. 3,425- 29 P, 2 5 8 7 3 . 25 20.48 ± 0.44 3.36 ± 0.32 16.46 ± 1.61 
July ............. . . 3,431- 34 P , .. 2 6 3 10 5 1 1 28 27.82 ± 0.55 4.34± 0.39 15.61 ± 1.42 
July-Snowflake . 3,435- 39 F, 1 1 3 4 6 4 1 20 30.35 ± 0.66 4.40 ± 0.47 14.49 ± 1.58 
July-Red Marrow ... 3,454- 55 F, .. 1 3 4 1 2 . . 11 26.00 ± 0.74 3.62 ± 0.52 13.92 ± 2.14 
Snowflk .-Triumph 1 { 3,448- 49 F, 1 6 3 3 1 14 31.36 ± 0.59 3.24 ± 0.41 10.34 ± 1.45 3,486- 88 F, 3 18 8 42 3 .. 28 23.32 ± 0.54 4.33 ± 0.39 18.57 ± 1.73 
Snowflake-Red { 3,450- 53 F , 26 .56 ± 0.48 Marrow' . .. . . i1 2 7 5 11 16 2.85 ± 0.34 10.73 ± 1.29 3,472- 73 F, 3 6 12 19 9 2 4 2 1 58 26 .31 ± 0.47 5.33 ± 0.33 20.27 ± 1.32 
1 Pole segregates only in the F2 families. For the bush segregates see Table 1. 
~ 
~ ;:s 
"" 
.,.._ 
~-
~ 
<fr 
~ 
~ [ 
~ 
"" i 
~-
~ ;;,,-
I;:) 
er., 
"" 0 
~ 
er., 
~ 
<S" §:; 
~-
a-, 
-.:J 
TABLE 3.- Frequency distribution of number of internodes per plant in Longfellow and F 4 of the Long-
! ellow-Fillbasket cross. 
~ 
- r/l 0 o-Oil 
·.;:; Number of ,_ ;j 
Pedigree Oil internodes Q) "Cl Mean Standard Coefficient ,_ 
..0 ·-
Race or cross number Q) s.~ deviation of variation ~ 
Q) ;j "Cl 
0 - - - - - z .s 4 5 6 7 8 
- -- - - -
Longfellow . . ..... . ... 3,247 p 3 13 2 18 4.94 ± 0.08 0.52 ± 0.06 10.61 ± 1.20 
Longfellow-Fillbasket ... .. . . .. .. ... { 3,251 F. 4 17 18 2 41 6.44 ± 0.08 0.73 ± 0.05 11.40 ± 0.86 3,254 F. 2 26 8 36 5.17 ± 0.06 0 50 ± 0.04 9.66 ± 0.78 
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TABLE 4.- Frequency distribution of mean length of the first five internodes of various races and crosses of beans. ;i:... 
~ 
§ Class centers in millimeters o "@ 
-~ .-:=: for internode length @.g 
Ped . I .... ..0 ..0--1gree "' o: s > , Race or cross Standard deviation 
"" 
"" ~ 
""· ('"> 
Coefficient v.:i 
of variation E" 
Ra 
""' 
numbs, ~ " ~·11,!1+.'2sl33 38H48 53 5; 63:68 73 ,tji I Mean 
Red Marrow . . . . . . . . . 3,457- 64 -P - D~ j12l29 281 2 1 . . i.. 71 1-2-4_.4_1_±_0-.3- l-ll' 3.86 ± 0.22 15.81 ± 0.91 
Triumph .. 3,413- 16 P D 5 51191 3 1·..... 78 114.28 ± 0.24 3.15 ± 0.17 22.06 ± 1.25 
Snowflake 3 425- 29 P I' 1113 34 9 1 .... 58 22.65 ± 0.32 3.58 ± 0.22 15.81 ± 1.01 
~ 
'l:I 
~ 
~ 
July 3'.431- 34 P I 5 5114 '1 1811114 3 1 1 1 1 74 30.09 ± 0.77 9.83 ± 0.54 32.67 ± 2.64 ::t: 
Red Marrow-Tnumph · , 3'.465- 69 F, D 1 12•3618 5 3 . . . . . . 75 19.53 ± 0.39 4.97 ± 0.27 25.43 ± 1.49 ~ . } 3 456 F 1 D J 2 4 1 . . . 7 22.29 ± 0.81 3.19 ± 0.58 14.31 ± 2.63 ~ 
13 435- 39 F 1 I 21 8 18, 21 1 ...... I. . 31 21.71 ± 0.49 4.01 ± 0.34 18.47 ± 1.63 ,,_ July-Snowflake · l 3;489- 91 F, r . 2 11 18 126 8 1 3 1 I· . 70 26.36 ± 0.54 6.75 ± 0.38 25.61 ± 1.55 ""· 
July-Tnumph · · - 3,483- 85 F 2 { D 1_ 2 4J 6 41 . 1 17 27.71 ± 0.99 6.06 ± 0.70 21.87 ± 2.65 ~ 
• 
1 
, ' I I· . 11414116 2 2 , 1 1 . 1 51 24.86 ± 0.64 6.78 ± 0.45 27.27 ± 1.95 ;s 
3,454- 55 F 1 I .. 11 2 4 4 1 12 33.83 ± 1.04 5.34 ± 0.74 15.78 ± 2.22 .:i 
July-Red Marrow · { I 4 12110 16 1 6 3 4 1 1 57 32.74 ± 1.01 11.26 ± 0.71 34.39 ± 2.42 ~ 
3,480- 82 F 2 D __ . . 4! 1 al 1 2 1 . . I 12 33.83 ± 2.21 11.33 ± 1.56 33.49 ± 5.10 ~ 
. 3 448- 49 F 1 I 2 9' 3 1 15 24.00 ± 0.65 3.74 ± 0.46 15.58 ± 1.97 ~ 
Snowfl ake-Tnumph - ' { I I i 17 301! 3 . 51 21.43 ± 0.29 3.05 ± 0.20 14.23 ± 0.97 
3,486- 88 F 2 D _ . 1 3 31 3 2 4 .. j. I 16 27 .38 ± 1.36 8.08 ± 0.96 29.51 ± 3.82 £ 
3,450- 53 F , I I 2 4• 51 41 . I . I 16 27 .37 ± 0.94 5.56 ± 0.66 20.32 ± 2.52 'Ci" 
Snowflake-Red Marrow · ~ { I 1 · 3 11121115 8 . 3 4 1 . : . , 66 26.94 ± 0.75 8.98 ± 0.53 33.33 ± 2.16 .:i 
3,4~.:_- 73 -~_12__ 21 7~ _ 2 I : 16 I 32.06 ± 1.24 7.33 ± 0.87 22.86 ± 2.86 ~-
1 D- determinate, I--- ir;determinate. 
°' ~
TABLE 5. - Frequency distribution of mean length of the first 15 internodes of various races and crosses 
of beans. 
Class centers in milli-
§ meters for intern ode o ~ 
'.r:l length ~ ;:; 
Pedigree \ ~ ..o 1 Mean Standard Coefficient Race or cross 
c., I I I z.:: . 
number § -1--- 1- 1-
1
- ,- - 1- - 5 ;a deviation I of variation 
23
1
38 53
1
~~i83 98
1
1rn~281143 -- _ _ _ _ 
Snowflake . . . . . . . . . . 3,425- 29 P 525,19
1 
911. · 1-- .... . I· . . 58 46.28 ± 1.13 12.81 ± 0.80 27 .68 ± 1.86 July .. 3,431- 34 P .... 1 8 142011 13 6 2 74 89.69 ± 1.84 23.41 ± 1.30 26.11 ± 1.52 
{ 3,435- 39 F, 1 3[13 13i 1 .. . 31 57.84 ± 1.49 12.27 ± 1.05 21.20 ± 1.90 July-Snowflake · · · 3,489- 91 F 2 1 8·19\21 \11 3 2 4 1 70 69.29 ± 1.99 24.68 ± 1.41 36.90 ± 2.37 
July-Triumph . . . . . . . 3,483- 85 F 2 . . 8 12
1
141 9 3 4 1 . . 51 68.88 ± 2.14 22.71 ± 1.52 32.97 ± 2.43 
J I Rd M l 3,454- 55 F 1 .... 1 1 7 3 . 12 98.00 ± 2.39 12.25 ± 1.69 12.50 ± 1.75 u y- e arrow . · 3,480- 82 F 2 2116!1514 4 4 1 1 57 74.05 ± 1.96 21.92 ± 1.39 29.62 ± 2.03 . 3,448- 49 F1 2111 2 . I I 15 68.00 ± 1.35 7.75 ± 0.95 11.40 ± 1.42 Snowflake-Tnumph 3,486- 88 F , 1126 ml 1 .. 51 39 .18 ± 1.04 11.05 ± 0.74 28.20 ± 2.02 
3,450- 53 F ; 1 i 8 . 16 59.56 ± 1. 54 9.14 ± 1.09 15.35 ± 1.87 
Snowflake-Red Marrow 3,472- 73 F , 21726,10 9 1 11 ... , ... 66 56.18 ± 1.48 117.83 ± 1.05 131.74 ± 2.02 
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TABLE 6.- Frequency distribution of mean length of the firstfiveinternodes of the parents and F 1 of the 
Snowfiake-Tallbush cross, grown in the garden in 1912. 
"' 
I ~ ;:l .: Class centers in millimeters 'O 0 ·;; 
..., ..., for internode length 
Race or cross Pedigree oil :.a ;a Mean Standard Coefficient ... oil 
.s 
number (1) ~ deviation of variation .: (1) 
I 0 0 , 
13 18 123 28 33 38 43 48 53 0 
z 
- -
_I_ 
- - - - -
-
---
Snowflake ..... 3,425- 29 p I 1 13 34 9 1 58 22.65 ± 0.32 3.58 ± 0.22 15.81 ± 1.01 
Tallbush . ..... 3,420 p D . . .. 1 3 6 3 4 17 44.76 ± 0.93 5.71 ± 0.59 12.76 ± 1.50 
Snowflake-
Tallbush .... 3,440- 43 F1 I .. I .. 8 12 10 3 1 I .. . . 34 29.62 ± 0.59 5.10 ± 0.42 17.23 ± 1.45 
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TABLE 7.- Frequency distribution of mean length of the first five internodes of the F 2 generation of the t 
Snowfiake-Tallbush cross grown in the greenhouse in the winter of 1912-1913. ~-
,::: 
~' 
0 
Pedigree ·.;; 
Race or cross number ol :.0 .... ol a, 
,::: :Ii 
a, 
Cl 
--
Snowflake . . . .. .... . 3,958 p I 
Tall bush ... . . 3,957 p D 
{ 3,959 F, I Snowflake-Tallbush . 3,961 F2 f I l D 
:;::: 
lf 
ode lenirth o ~ , N Class centers in millimeters for interr ,n 
-
-1--1------ - - - - -
23 28 33 38 43,48 53 58 63 18 68 73 78 83 88 
I 
- - - -
-
-- -
- - - -
- - -
3 1 . I 
I i .... . . . . . . 1 1 . . .. .... ........ 
1 2 5 9 17 9, 6 9 10 5 7 1 21 1 1 
1 3 3 1110 3 3 1 2. 1 . . 2 .. 
-· 
93 
-
_ ,_ ,_,_ ,_ ! 
98l 103 l108 l 113l 1181 
,-1-1--1-'-
. . . . I . . . 
· 1 
.. 
1 
21 : 1:: · 1 ·. l 
I . 1 
l i . . ..... . 
.... ;:, 
J;:-s I Mean 
E.2:: 
;:, 'O 
Z.5 
---·--
4 I (24) 
5 (97) 
1 1' (48) 
88 49.82 
31 I 52.68 
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TABLE 8.- Frequency distribution of height of plants of the F, generation of the Snowfiake-Tallbush cross, 
grown in the greenhouse in the winter of 1912-1913 
,:: Class centers in centimeters for height of plant ._ 00 0 0~ 
Pedigree :0 .., '";; 
"' 
:.a Q.) '"O Race or cross number 
'" 
"' 
.,:, ,_ Means Q.) s.::: ,:: ::i::: 
---------1------1----Q.) ;; '"O 
c., Z.5 
15 25 35 45 55 65 75 85 95 105 115 125 135 145 155165 175 185 195 
-- - - -
- -
-
- - -
- - -
- - -
- - - -
Snowflake . 3,958 p I 2 1 1 . . . . . . . 4 (62.5) 
Tall bush ........... .. . . 3,957 p D 1 1 1 2 . 5 (63 ) 
{ 3,959 F , I 1 .. 1 
I 
(145) 
Snowflake-Tallbus'1 .. 3,961 F2 { b 5 8 9 9 12 7 7 6 4 10 4 3 1 . 1 1 1 88 88.64 2 14 10 3 2 . 31 31.45 
(7-29- 15-4M.) 
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